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Preface 


More than 3,100 electronic circuits, published largely within the past 5 years 
in the United States and abroad, are presented here in 99 chapters, logically 
organized for convenient reference and browsing by practical electronics en- 
gineers, technicians, and experimenters. Each circuit has the values of all 
significant components, an identifying title, a concise description, performance 
data, and suggestions for applications. At the end of each description is a cita- 
tion giving the title of the original article or book, its author, and the exact 
location in the source. After a circuit is selected, the construction details, per- 
formance graphs, and calibration procedures can usually be found in the 
original publication if needed. 

The circuits in this book are completely different from those in the highly 
successful predecessor volume, “Sourcebook of Electronic Circuits,” published 
by McGraw-Hill in 1968. New chapters provide easy access for the first time 
to circuits for Audio Control, Automotive Control, Flashers, Lamp Control, 
Lasers, Metal Detectors, Opamps, Optoelectronics, Tachometers, Voltage- 
Level Detectors, and 14 other new categories. Internal connections for the 
most-used IC chips are given in the Integrated Circuits chapter as an extra aid 
for analyzing the modern solid-state circuits that dominate this book. 

This electronic circuit compendium serves as a highly effective desk-top 
information retrieval system for tested practical electronic circuits developed 
throughout the world. Engineering libraries, particularly in foreign countries, 
will find it a welcome substitute for the original sources when facing limita- 
tions on budgets, shelving, or searching manpower. The circuits for this new 
book were located by cover-to-cover searching of five years of back issues of 
39 U.S, and foreign electronics periodicals, the published literature of several 
hundred manufacturers, and hundreds of recent books, together filling well 
over 100 feet of shelving. This same search would take weeks or even months 
at a large engineering library, plus the time required to write for manufacturer 
literature and locate elusive sources. 

To find a desired circuit quickly, start with the alphabetically arranged table 
of contents at the front of the book. Note the chapters most likely to contain 
the desired type of circuit, and look in these first. Remember that most appli- 
cations use combinations of basic circuits, and could therefore be placed in 
any of several different chapters. 

If a quick scan of these chapters does not give the exact circuit desired, use 
the index at the back of the book. Here the circuits are indexed in depth under 
the different names by which they are known, In addition, the index contains 
hundreds of cross references that speed up your search. 

In most cases, you can locate a desired circuit in a few minutes. It should 
be free of drafting errors, because corrections pointed out in subsequently 
published errata notices have been made; this alone can save many frustrating 
hours of troubleshooting. 

Values of important components are given for every circuit, because these 
help in reading the circuit and redesigning it for other requirements. The de- 
velopment of a circuit for a new application is speeded when design work can 
be started with a working circuit, instead of starting from scratch. Research 
and experimentation are thereby cut to a minimum, so even a single use of 
this circuit-retrieval book could pay for its initial cost many times over. 


This book is organized to provide a maximum of circuit information per 
page, with minimum repetition. The chapter title, heading, and original title 
in the citation should therefore be considered along with the description when 
studying a circuit. 

Abbreviations are used extensively to conserve space. Their meanings are 
given after the table of contents. Abbreviations on diagrams and in original 
article titles were unchanged, but their meanings can be deduced by context. 

Few publications are able to maintain a supply of back issues, but many 
are willing to make copies of individual articles. A charge is usually made for 
this service, per page or per article. Similarly, libraries are usually willing to 
make copies of articles in publications brought to their copying machines. 

Mailing addresses of some U.S, electronics publications are given after the 
list of abbreviations for convenience in writing for back issues or copies of 
articles. Addresses for foreign sources are generally included with the cita- 
tions for the 420 foreign circuits given. 

To artist and orchid-hybridizer Jack Quint, more active than ever in Florida 
retirement, goes full credit for arranging the circuits so well on these pages, 
each unmistakably associated with its text. Secretaries Joyce MacIntyre and 
Diane Jacobs deserve recognition for perseverance in learning the language of 
electronics and typing it exactly as dictated, hyphens, kHzs, and all. Other 
co-workers for this book include Claire del Aguila, Joan Clough, Barbara 
Jankowski, and Pat Qualls (typing), Ann Fioto (retyping), Debbie Zlendick 
(editing), and Mike Wechsberg (140 abstracts). 

To the original publications cited and to their authors and editors should go 
the real credit, however, for making possible this contribution to electronic 
circuit design. 


John Markus 
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A ampere 

a-c alternating current 
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and direct current 

a-f audio frequency 
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control 
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age automatic gain control 

a-m amplitude modulation 

bed binary coded decimal 
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b-w black-and-white 

¢ centi- (10-2) 

C Centigrade; capacitance; 


capacitor 
CATV Community Antenna 
Television 


CB Citizens Band 

CCTV = Closed-Circuit 
Television 

cm centimeter 

cr cathode-ray 

cro cathode-ray oscilloscope 

ert cathode-ray tube 

cw continuous-wave 

d-a — digital-analog 

d-c direct current 


ds deci- (10~1) 

dB decibel 

dBm decibels above 1 
milliwatt 

deg degree 

diac diode a-c switch 


DTL = diode-transistor logic 
dvm digital voltmeter 

ecg electrocardiograph 
eeg — electroencephalograph 
emf electromotive force 

f  femto- (10~15) 

fet field-effect transistor 
f-m = frequency modulation 
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CHAPTER 1 
Alarm Circuits 


cammon buffer 


N2 identical modules except for C andR values 


as i 


MULTITONE ALARM RECEIVER—Input consists 
of 12 different audio tones in range from 330 
to 2,850 Hz, coming from remote monitoring 
points over 600-ohm double-core transmission 


fine. One module (enclosed in dashed rec 
tangle) is used for each tone frequency. Re- 
port gives values of R and C for the 12 fre- 
quencies used, Twin-T network converts 
Philips DOA40 opamp into selective amplifier 
that delivers 6,$-V rms output only for its 


SENSOR 


ONE-SHOT 


assigned tone, to activate alarm through pair 
of NOR60 gates connected as Schmitt trigger. 
~L, J. Lemmens, Single-Line Multitone Trans- 
mission for Alarm and Warning Systems, 
Philips, Pub. Dept., Elcoma Div., Eindhoven, 
The Netherlands, No. 75, 


PULSED-LIGHT INTRUSION ALARM RECEIVER 
~—Can be used up to 10 ft away from 
pulsed-light transmitter. Sounds alarm only 
if no light pulses reach LS400 phototransistor 
for predetermined time. Oneshot pulse 
generator stretches received pulses, Alarm 
consists of 200-Hz audio oscillator Q3-Q4 
driving small p-m speaker, Optical filter is 
not required as long as ambient light is not 
strong enough to saturate phototransistor, 
If latching switch is closed, alarm will con~ 
tinue sounding after intruder passes through 
fight beam.—L. M, Hertz, Solid State Lamps~ 
Part Il, General Electric, Cleveland, Ohio, No. 
93-0121, 1970, p 30, 


2 ELECTRONIC CIRCUITS MANUAL 
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Tl" STANCOR PA-8421 


TOUCH SWITCH—Touching of sensing antenna 
wire with tip of finger is enough to fire 2D21 
thyratron and pull in relay that can actuate 
burglar alarm or close any other’ circuit.—J. 
P. Shields, “Novel Electronic Circuits,” H, W. 
Sams & Co., Indianapolis, Ind., 1968, p 78. 


CONTACT CLOSURE 
FROM ALARM OR 
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BASIC SCS ALARM—Transducer can be any 
resistor sensitive to temperature, light, or radi- 
ation, up to Tt meg. Alarm is triggered when. 
ever resistance of transducer drops below 
setting of preset potentiometer. Alterna- 
tively, alarm can be triggered by 0.75 V 
applied to scs through 100K. Interchanging 
RS and pot gives triggering for increase in 
transducer resistance.—Planar Silicon Con- 
trolled Switch 3N84/3N85, General Electric, 
Syracuse, N.Y., No, 65.18, 1964. 


--- 9 ~~ — 
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MULTIPLE-SENSOR ALARM—When connected 
as shown between electrodes of scr in oscil- 
lator circuit driving alarm speaker, alarm will 
respond to flame, smoke, heat, or sound of 
fire. Response to humidity is optional. Can 


I TO 


CRI, 2,3,4,5-G-E TYPE INI692 


also be used to wake up bird watchers at 
sunrise without causing loss of sleep on 
cloudy days.—"Hobby Manual,” General Elec- 
tric, Owensboro, Ky., 1965, p 127. 


TRANSISTOR 
STAGES 


MALFUNCTION IDENTIFICATION—Uses neon- 
memory switch in OR gate. Lamps flash and 
energize transistor-driven relay to actuate 
audible alarm and control circuitry—E, Bau- 
man, “Applications of Neon Lamps and Gas 
Discharge Tubes,” Signalite, Neptune, NJ, p 
73, 
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OVERLOAD—Inexpensive overload 


indicator 
uses neon lamp, three zeners, and transistor. 
Neon glows to indicate overload whenever 


properly adjusted, lamp will glow for only 1 
V drop.—M. R. Johnson, Overload Indicator 
Utilizes Inexpensive Neon Bulb, Electronic De- 


output voltage drops below 112 V. sign, June 8, 1964, p 74-75, 


If R4 is 
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BURGLAR NOISE ALARM—When sound level, 
as produced by burglar breaking into home 
or’ any ofher cause, exceeds predetermined 
level set by RT, circuit turns on alarm horn 
for other load up to T kW and keeps it on 
until sound level drops in monitored area. 
Input terminals require 1-V audio signal, 
which requires use of preamplifier or ampli+ 
fier along with microphone. Circuit becomes 
self-latching if mike picks up sound of alarm. 
—"Silicon Controlled Rectifier Experimenter’s 
Manual,” RCA, Harrison, N.J., 1967, p 127. 
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INPUT 


120 V A TERMINALS 


60 Hz 


200 PIV 


BLOWN-FUSE ALARM—Audible alarm, wired 
acrass all fuses of system as shown, is turned 
on whenever one of fuses blows. Useful for 
unattended equipment such as component 
life-test racks, process control systems, and 
equipment undergoing prototype debugging. 
—T, E. Skopal, Use en Audible Alarm to Indi- 
cate o Blown Fuse, Electronic Design, Feb. 15, 
1970, p 84 and 86. 


200 PiV 


200 PIV 


200 PIV 
* CHOSEN ACCORDING TO ALARM CURRENT 
RATING 


AUTO. RESET (IN CLOSED POS.) 


+8T0+20V MANUAL RESET 


f TAL UNDICATOR, BUZZER, 
4aTO sad 2Nnagi- 133 Bae SOLENOID, « 
2N377 
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MISSING-PULSE DETECTOR—Circuit actuates 
indicator, alarm buzzer, or control solenoid 
when interval between consecutive pulses at 
input exceeds preset time determined by set- 
ting of RI. Has been used to detect misfeed 
of answer sheet in test-scoring machine and 


Will also 
detect momentary dropout longer than preset 


shut off feed before jam occurs, 


period, if monitoring d-c line. Reset can be 
either manual or automatic. Uses diode in 
ujt timing circuit to provide alternate dis~ 
charge path without interfering with normal 


4.7K 


charging cycle of Cl. RI can be set for in- 
tervals of 100 ms to 1.5 s.—J. V. McMillin, 
Versatile Transistorized Alarm Detects Pulse 
Dropouts, “400 Ideas for Design Selected from 
Electronic Design,” Hayden Book Co., N.Y., 
1964, p 113—114, 
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AIRCRAFT D-C OVERVOLTAGE--Red lamp 
comes on when 28-V supply voltage rises to 
32 V because of voltage regulator malfunc- 
tion, so repairs can he made before aircraft 
storage battery is damaged. Yellow under- 
voltage warning lamp comes on when voltage 
drops below 24 V. With appropriate changes 
of lamps and semiconductor devices, circvit 
can monitor voltages up to 600 V.—R. L. 
Nuckolls Ht, Warning Lights Monitor D-C 
Supply Voltage, Electronics, Dec. 12, 1966, p 
106, 


BOTH LAMPS NO. 327 IN AIRCRAFT TYPE 
PRESS-TO-TEST LAMP FIXTURES 


RI 
GE-XI5 


$I THERMISTOR 


TEMPERATURE ALARM—Will ring bell, turn on 
lamp, or turn on attic ventilating fan when 
temperature exceeds predetermined adjustable 
value in room. Once relay pulls in, alarm 
cannot be turned off until temperature is re« 
duced or battery switch is opened, {f bell or 
buzzer is operated from battery instead of 
12-24 V secondary of bell transformer, alarm 
becomes independent of power failure. LI is 
7,000 turns No. 38 wound on reed switch. 
“Hobby Manual,” General Electric, Owens» 
boro, Ky., 1965, p 152. 
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V1 


PILOT FLAME MONITOR--Utilizes flame as 
high-impedance conductor to keep neon lamp 
lit. When pilot flame goes out, lamp extin- 


guishes.—W. G. Miller, “Using and Under 
standing Miniature Neon Lamps,” H, W. Sams 
& Co,, Indianapolis, Ind., 1969, p 24. 


o1 02 
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2N65060 
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RETURN momentary power failures lasting longer than 


POWER-FAILURE INDICATOR—Lamp comes on 


Sus recovery time of scr. When circuit is 
whenever 9-V power source fails either be- 


reset, power source will trickle-charge lamp 


REED SWITCH 


N MAGNET 


cause of open or short, and stays on after 
power is restored, until cirevit is reset with 
$1. Lamp will also come on and stay on for 


battery to keep it at full charge.—-”Semicon- 
ductor Power Circuits Handbook,” Motorola, 
Phoenix, Ariz., 1968, p 6~40. 


TI 
120 VAC 


BIAS SEC 


SPACING 


BI 
BELL BUZZER 


PULSED-LIGHT 
MITTER~Operates from pair of D flashlight 
cells, drawing only 0.7 mA. Relaxation oscil- 


INTRUSION ALARM TRANS~ 


lator applies 1-A current pulses to SSL~4 
gallium arsenide lamp at rate of 10 pps. 
Used with receiver up to 10 feet away, which 
sounds alarm if no light pulses are received 
for predetermined time.—L. M. Hertz, Solid 
State Lamps—Part Il, General Electric, Cleve- 
land, Ohio, No, 3-0121, 1970, p 29, 


ALARM BOX—Single ser in relaxation oscilla~ 
tor circuit drives speaker to produce series of 
loud clicks for use as fire, smoke, or intru- 
sion alarm controlled by switch. Setting of 
R2 determines frequency of clicks.—“Hobby 
Manual,” General Electric, Owensboro, Ky., 
1965, p 124. 
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A-C POWER FAILURE—Neon lamp NE-23 
begins blinking when a-c line voltage drops 
below 100 V or power fails, and continues 
blinking until reset switch is closed. Intended 
for use with electronic equipment that is left 
operating unattended for long periods of time. 
—C. D. Geilker, A. C. Line Voltage Monitor, 
Electronics World, Jan. 1969, p 85. 
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AUDIBLE-VISUAL FAULT ALARM—When fault 
closes contact K by any means, fault-indicat~ 
ing lamp and buzzer both come on. When 
silence switch is closed, or when fault is re- 
moved, lamp and buzzer go off. ACKNOWL- 
EDGE lamp then comes on only if fault is 
still present.—R. Breazzano, Fault Alarm Cir- 
cuit, EEE, May 1967, p 180. 


IC SIREN—Can be used for burglar, intrusion, 


: 260 K or 

and auto tamper alarms, or as toy siren for 190 « 

bicycles, Potentiometer settings determine: sour tle i 

type of siren sound obtained. Omit ampli- = oF ee NO Some By 


fier section (below dashed line) if using siren al. 
to feed external audio or p-a amplifier. Op- 
erates from 9-V transistor radio battery.— 

“Tips on Using IC’s,” HMA-32, Motorola, 

Phoenix, Ariz., 1968. 
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RETURN O— 
POWER-INTERRUPTION INDICATOR — Lamp 
glows to indicate momentary interruption of 
power from source. Closing $1 momentarily 
turns on scr Q1, which shunts lamp and keeps 
it off. If power is interrupted longer than 50- 


SIGNAL DROPOUT DETECTOR—Provides indi- 
cation of momentary dropout of d-c, a-c, or 
pulse input voltage. R1 permits adjusting 
interval between signal disappearance and 
triggering of 3N58 scs to give d-c output 


us recovery time of scr, scr will turn off and 
stay off. When power service is resumed, 
lamp will come on to indicate there has been 
an interruption. Switch must then be closed 
to turn on scr again and turn off lamp.— 
“Semiconductor Power Circuits Handbook,” 
Motorola, Phoenix, Ariz, 1968, p 6~39, 


signal for driving indicator or alarm. Output 
signal remains until ses is turned off by mo- 
mentarily opening reset switch.—“Unijunction 
Circuit Hints,” General Electric, Syracuse, N.Y., 
Fig. 4. 


CHAPTER 2 
Amplifier Circuits 


DIRECT-COUPLED RING-OF-THREE—Provides 
voltage gain of 90 dB, which rises 4.5 dB at 
40 Hz and drops 3 dB at 25 kHz, C3 de- 
termines high-frequency gain, while low-fre- 
quency gain is determined by Cl, C2, and 
source resistance. Complementary transistors 
give simple circuit.—E-Line Transistor Applica- 
tions, Ferranti Ltd., Oldham, Lanes., England, 
1969, p 49. 
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Ly, L4, & Ly =3.5 turns #20 soft-drawn, 1D = % inch, Length = 1 inch 

L2, Ls, & Lg = 6 turns #20 soft-drawn, 10 = % inch, Length = % inch 

Lg, Lg, & Lg = 6 turns #24 tinned wire on CF103, 03 toroid with teflon sleeve. 

C= 500 pF Erie button capacitor with 0.02 x ceramic disk. - all other 
capacitors are ceramic disk. 


400-MHZ BROADBAND—Consists of three 
identical transistor stages using 2N4957 pnp 
silicon transistors, Both input and output 


have 50-ohm terminations. Gain is 30 dB, 
with 3-dB-down points at 3.1 MHz and 405 
MHz. Report gives detailed design procedure 
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Bandwidth: 3.1 -405 MHz at 3 dB point 
Gain: 31 dB 1B 
Sensitivity: 100 uV (S+N = 10 dB) 
N 
Ig = mA, Vee = 10 Vie for alt devices 


based on use of Smith charts,—S$. P. Kwok, 
UHF Broadband Amplifier Design, Motorola, 
Phoenix, Ariz., No. AN-406, 1967. 


FET WITH NEGATIVE FEEDBACK—First stage is 
high-input-impedance bootstrapped source 
follower with drain load, giving gain well 
below unity. Output is capacitor-coupled to 
high-gain amplifier stage using conventional 
bipolar transistor, with almost entire output 
signal fed back to source of fet. This makes 
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NOTE: 
RESISTANCE |S IN OHMS, 
CAPACITANCE IS IN MICROFARADS 
UNLESS OTHERWISE SHOWN. 
ALL DIODES TYPE 1D-5050 
TRANSISTORS Q1,2,3,4 TYPE 2N769, 
Q6,6 TYPE 2N828 


AMPLIFIER CIRCUITS 


input impedance of complete amplifier much 
higher than that of fet first stage, while giv- 
ing over-all unity gain. Input impedance is 
65 meg when RG is 1 meg, and 500 meg 
when RG is 10 meg.—Field Effect Transistors 
and Applications, Ferranti ttd., Oldham, 
lancs., England, No. 22, 1965. 


THIN-FILM MEMORY READ AMPLIFIER—Emit- 
ter-gated sense amplifier for reading thin-film 
memory in cycle time of 50 ns has 5ens rise 
time and gain of 2,000. Output is 2 V for 
input of 1 mV.—C. F. Chong, G, H. Guttrogg, 
C. S. Ih and A. A, Wicks, High-Speed Read 
Amplifiers For Thin Films, Electronic Design, 
Aug. 3, 1964, p 38—40. 
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0 VOLTS 


VARIABLE GAIN—Voltage-controlled common- 
emitter amplifier can be used for remote ad- 
justment of gain, amplitude modulation of 
wideband signals, and ave. Control voltage 
range of 6 V for Ec provides 40-dB change in 
voltage gain, independently of frequency from 
100 Hz to beyond 100 kHz. Action is based 
on use of diode in place of emitter resistor.— 
M, L. Patterson, Amplifier Provides Voltage- 
Controlled Gain, Elecfronie Design, Nov, 23, 
1964, p 60. 
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COMPLEMENTARY PUSH-PULL—Simple push- 
pull emitter-follower with single input gives 
high drive power, symmetrical around 0 V, 
with very low quiescent power—R, Zane, 
Single-Ended Input Provides Push-Pull Output, 


560.1. 
== 1OOpF 15pF 
Cy) 10k.n. 
e300 0 
© Used as a 
Zener Diode 
21x 300 ch) 
{yr 
Ch) 
INPUT 25 pF aes 330A 25pF a 
Ch) hy) 
120k.n| 
120k 15pF 
68kn. 39k. rma 
20 HZ~—150 KHZ—Provides power gain of 86 input. Developed for use in balanced chop- 


per amplifier of microammeter.—E-Line Tran- 


Electronic Design, July 20, 1964, p 77. 


Cy 
580pf 
SPIKES INYO CAPACITIVE LOAD—Delivers 
train of high-voltage high-duty-cycle pulses 
io tapacitive load, with low output impedance 
for transferring charge rapidly to and from 


load. Common-emitter amplifier Q1] drives 
Darlington Q2-Q3. Output impedance is con- 
trolled by R1-Cl connected across input and 
by Q4 shunting load.—D. Perlman, NPN Am- 


+12V 
680.0. 
100pF OUTPUT 
271X300) oe 
(yr pe 
hy) 
330.0. 
ov 
sistor Applications, Ferranti Ltd., Oldham, 


Lancs., England, 1969, p 47. 


tv 


ALL TRANSISTORS = RCA 40264 


plifier Delivers Fast, High-Voltage Pulses, Elec- 
tronics, June 26, 1967, p 109-110. 


62 DB GAIN WITH IC PAIR—Uses two RCA 


AMPLIFIER CIRCUITS 


AMPLIFIER—Uses 


UNITY-GAIN BALANCED 
field-effect constont-current-source diodes CLI 
and CL2 for full temperature compensation, 
minimum crossover distortion, and unity gain. 
Can handle signal peaks nearly equal to 
supply voltages, or 40 V p-p into 5-ohm 
load, Input impedance at low frequencies is 
above I meg. Can be used to increase 
power of opamp, either inside or outside 
feedback loop.—C. F. Andren, Symmetry Am- 
plifier Compensated by FET Current-Source 
Diodes, Electronic Design, Oct. 25, 1965, p 70. 


50-OHM 
SOURCE 


AGC 
VOLTAGE 
~6y 


O+28V 


Oo 
OUTPUT 
R2 v 


0 -28V 


@ +8V0C 


DUAL-FOLLOWER—Use of additional comple- 
mentary pair of transistors in place of bal- 
anced diodes in dual emitter-follower gives 
increased input impedance and higher cur« 
rent gain while eliminating crossover distor« 
tion problem. No trimming adjustment is 
needed. 100-ohm resistors provide overload 
protection by limiting short-cirevit current.— 
J. P. Chidester, Complementary Dual-Follower 
Increases Input Impedance, Electronic Design, 
Nov. 8, 1965, p 58-59, 


CA3000 


Vout 


changing feedback to reduce gain,—J. P. Kel- 


IC video amplifiers, the first connected as a 
double-ended differential amplifier and the 
other single-ended, with R-C interconnecting 


network for frequency-shaping, Low-fre- 
quency rolloff starts at 22 Hz and high- 
frequency rolloff at 1 MHz. Can be adapted 
for age. Bandwidth can be increased by 


ler, Linear [C’s: Part 3—~Differential Amplifiers 
At Work, Electronics, Sept. 18, 1967, p 96~ 
104, 
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2ni719 

[) LINEAR DARLINGTON—Uses low-cost Darling- 
by ton-connected series transistors in linear high- 
voltage amplifier. Arrangement gives high 
current gain and good power, along with 


(Y. 
\& 


mw oe satisfactory voltage division for transistors 
100V during quiescence.—V. Glover, Using Low~- 
Voltage Transistors in High-Voltage Circuits, 
Flectronic Design, July 20, 1964, p 62-67. 
AGSS AT IKe 
if 2NiTI9 
o 
Ra=2k, 
iw Re =1502, /2W 


ISOLATING 
TRANSFORMER 


SENSE AMPLIFIER—Used in high-speed read- includes output latch—Y. Hsia, Solenoid- 
only memory of computer, in which informa- Winding pattern determines points at which Coupled READ-ONLY Memory, [EEE Transac- 
tion is stored by means of mutual inductive read and sense wires meet as solenoid pair tions on Electronic Computers, June 1970, p 
coupling between two concentric solenoids. for storing information pattern. Circuit also 344-350. 

“BV AT 26Ha 


MICROPOWER FOR SPACE—Four tetrode fet's Hz, while drawing only 90 zW of power from + B.SVAT IHa 


provide voltage gain of over 1,000 and 0.5 V spacecraft supply.—J. $. Sherwin, Need High HF Design, Electronic Design, June 7, 1965, 
rms output over bandwidth of 1 to 30,000 Z and Low C? Turn to the Tetrode FET for p 20—25, 
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\Out — MILLER NO,9330~-24 


1N{202 


25-W THREE-TRANSISTOR POWER AMP—Pro- 
vides excellent stability and minimum of har+ 
monic and unwanted signal components, with 


bandwidth of 20 MHz. Power output in- 
creases about 8% at low end of 150-175 


i 


lsc0 _|ooe 


MHz mobile band, Drive power required is 
100 mW. Requires 50-ohm load.—Two 175 
MHz 12.5 Volt Mobile Communication Power 
Amplifiers for 25W and 40W Power Output, 
Amperex, Slatersville, Ri., No. $-140, 8/68. 


2N4130 


1 KW FROM 60 TRANSISTORS—Circuit devel- 
oped by Westinghouse under Air Force con- 
tract, for use in communication systems, keeps 
transistors electrically isolated so outputs can 
be paralleled. With input drive as low as 
0.25 W, peak envelope power output is 1 kW 


+e 
2N4130 


for bandwidth of 2 to 32 MHz. 
transistor module consists of four 2N4130 
{T&T transistors each connetted as in upper 
circuit, with their outputs combined by trans= 
formers as in lower circuit to form module 
that can in turn be paralleled with similar 


Basic four 


TO 
COMBINER 


+32v 


ALL CAPACITORS ARE IN MICROFARADS 


+No¢ 
2N4130 


+Vec 


modules to give desired power output. Re- 
sulting power output amplifier can be tuned 
as single unit.—C. H. Wood Jr., A. W. Morse, 
and G. R. Brainerd, Transistors Share the Load 
in a Kilowatt Amplifier, Electronics, Dec. 11, 
1967, p 100-105. 
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Q 
2N 
3704 
100k 
2.2k 
680k 
INPUT 


0.5 HZ TO 300 KHZ—Fet and only two other 
transistors give wide bandwidth and gain 


of 1,000, with low distortion. Npn stage 
Q1 controls fet. Stabilization is achieved 
with 20 dB negative feedback. Input imped- 


HEP 802 


BROADBAND R-F FET—Covers range of 1~40 
MHz with high s/n ratio, using two 9V 
batteries in series. Gain drops from 100 at 


R-C COUPLED FEEDBACK—Uses Mallory MIC- 
0101 preamp with feedback terminal open 
with respect to a-c ground but returned to 
IC input terminal to maintain correct d-c bias. 
Feedback extends 3-dB bandwidth to almost 
3 MHz and down to 10 Hz, but at sacrifice of 
voltage gain. With 3.3K feedback resistor, 


ELECTRONIC 


470k 


+ 18y 


O.lpuf 


OUTPUT 


GAIN CONTROL, 


ance is 10 meg at 1 kHz and output imped= 
ance 2K. Current drain is about 1.5 mA. 
All capacitor values are “F.—T. C, Penn, High- 
Precision Preamp Built from 3 Transistors, 
Flectronics, Dec. 23, 1968, p 58. 
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1 MHz to about 20 at 40 MHz—’Tips on 
Using FET‘s,“” 
Ariz., 1969. 


HMA-33, Motorola, Phoenix, 


overall gain is 100 or 40 dB. Can be used 
as low-level video amplifier where source is 
either video tape head or another amplifier. 
—M, L. Deschler, Integrated Circuit Preampli- 
fiers, Mallory, Indianapolis, Ind., APPN-2, 
1968, 


DISTORTIONLESS 
bias voltage, developed by capacitor charg- 
ing through diode, is proportional to input 
signal. 
put stage, with low d-c drain on battery 
through transformer primary.—C, G. Dorn, 
Capacitor Charge Sets Transistor Bias Point, 
Electronic Design, March 16, 1964, p 105. 
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CLASS A-—Self-generated 


Permits use of single-transistor out- 


(+120) 
(et) 


TOGATEBIAS 


SELF-BIASING FOR FET—Voltage drop pro~ 
duced by drain current through RS serves as 
gate bias. Value of CS is chosen to prevent 
feedback at signal frequencies. Article dis- 
cusses stabilization achieved with self-bias, 
and other design procedures for improving 
fet performance in linear voltage amplifiers. 
—W. A. Rheinfelder, FETs Outperform Bi- 
polars, Pentodes in Linear Voltage Amplifiers, 
Electronic Design, Dec. 20, 1965, p 24—26 and 
28-29, 
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HEP 582 
DUAL BUFFER 


HIGH-GAIN IC--Takes input of 0.4 mV p-p 
and gives output of 2.5-6 V p-p for use as 
audio or low-frequency rf amplifier or as pre- 


amp to increase cro sensitivity. Gain is 
5,000 to 16,000. Adjust 1-meg pots for 
maximum undistorted output. May also be 


used with HEPS80 2-input gate IC, using 1« 
meg resistors in place of 1-meg pots in series 
with 10K.—“Tips on Using IC's,” Motorola, 
Phoenix, Ariz., HMA~-32, 1968, 


NONINVERTING WIDEBAND--Gives high input 
impedance, but is direct coupled and signal 
source must supply necessary base current for 
Ferranti ZLD2 IC differential-input d-c ampli. 
fier. Gain is 3 dB down at 220 Hz and 600 
kHz.—Microlin Amplifiers ZLD2$ and ZLD2T, 
Ferranti Ltd., Oldham, Lancs., England, No. 11, 
1967. 


TEMPERATURE-STABLE 
With 2N780 for @Q1 and 2N869 for Q2, 
average variation in output voltage will be 
only about 25 mV for temperdture range of 
20 to 200 F when Ri and R2 are 20K.— 
“Selected Electronic Circuitry,” NASA $P-5046, 
1966, Government Printing Office, Washing- 
ton, D.C,, p 65. 
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BROADBAND FET PREAMP—Gives bandwidth 
of 0.5 to 40 MHz for maximum input signal 
of 3 V p-p. Voltage gain is 10 dB, and 
dynamic range 140 dB.—FET Broadband R. F. 
Preamplifiers, Crystalonics, Cambridge, Mass., 
TMF. 


AMPLIFIER CIRCUITS 


Vp * t3mv tot 3y 


BOOTSTRAPPING—Combining positive and 
negative feedback in bootstrap amplifier gives 
both high input impedance and high voltage 


gain. Bootstrapping resistor R2 provides 


INPUT +4 


O.1 pf 


MOSFET UNITY-GAIN—Circuit shown has in- 
put impedance above 1,000 meg. Mosfet 
functions as source follower with constant- 
current generator instead of source resistance, 


a Sr 7 22/5V 


NONLINEAR GAIN—Diodes in feedback net- 
work are biased into conduction when signal 
excursions exceed 0.6 V p-p, and resulting 
negative feedback reduces gain of stage. 
Value of feedback resistor RF determines gain 
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OUTPUT 


positive feedback. Article gives design equa~ 
tions.—G: P, Klein, Combined Feedback Builds 
Gain and Inpuf Impedance, Ffectronics, Oct. 
16, 1967, p 99. 
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Q 
HRN1030 k » OUTPUT 
50nf 


4 Vee = 7 15V 

—C. R. Perkins, “Application of MOSFET De~ 
vices to Electronic Circuits,” Hughes, Newport 
Beach, Cal., 1968, p 10. 
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22/15V 
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change at levels above break-point; typical 
values range from 470 to 10,000 ohms. 
Used to emphasize specific input levels,—J. 
K. Hickman, Complementary Diode Feedback 
Produces Nonlinear Gain, Electronic Design, 
June 7, 1965, p 42, 
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+12y 


OUTPUT 


IC INVERTING A-C AMPLIFIER--Uses Ferranti 
ZLD2 IC differential.input d-< amplifier con- 
nected to give gain of 10 with negative feed- 
back. Intended for applications where d-c 
component is not required, so capacitance 
Cy coupling is used at input, This unbalances 
1 pf values of RSI and RS2, for which correction 
is made by making RSI equal to RF, Alter. 
natively, RSI can be 910 ohms and an addi- 
tional 1K resistor connected between terminal 


Vope + 3mviot3y 


NEGATIVE FEEDBACK—Conventional transis» 1. 2 and ground.—Microlin Amplifiers ZLD2S and 
for amplifier circuit shown uses negative ~ ZLD2T, Ferranti Ltd., Oldham, Lancs., Eng- 
feedback by R5 to increase input impedance, land, No. 11, 1967. 


but does not give high voltage gain. Article 
gives design equations and tells how to add 
positive feedback for higher gain.—G. P. 
Klein, Combined Feedback Builds Gain and 
Input Impedance, Electronics, Oct. 16, 1967, 
p 99. 


15-MHZ TUNED R-F 1C—Designed for use in 
military receiver covering frequency range of 
2 to 30 MHz. Deliberate mismatching gives 
stability. Total gain is 20 dB, bandwidth is 
315 kHz, noise figure at full gain 7.4 dB, and 
power dissipation is only 1.8 mW. Uses 
CA3018 four-transistar 1C.—“Linear Integrated 
Circuits,” RCA, Harrison, N.J., IC-41, p 312. 


Sika 


INVERTING A-C OR D-C AMPLIFIER—Uses 
Ferranti Zi02 1C differential-input d-c am- 
plifier connected to give gain of 10 with nega 
tive feedback. Values shown give band- 
width of 1.5 MHz.—Microlin Amplifiers ZLD2S 
and ZL02T, Ferrantt Ltd, Oldham, Lanes., 
England, No. 11, 1967. 
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VOLTAGE GAIN? 0,8 


Qu = 200 SOURCE-FOLLOQWER FET—Circuit is analogous 

Tig = 6T to tube cathode-follower or transistor emit- 

ee ie ter-follower. Gives high input impedance, 
Se ioe 


relatively low output impedance, and voltage 

; gain close to unity. Frequency response is 

#22 wire on Q-2 material, CF107 Toroid from Indiana flat to 1 MHz.—J. H, Wujek, Jr. and M, E. 

ace hese . McGee, Field-Effect Transistor Circuits, Elec- 
y Ca x or equtv. tronics World, May 1967, p 32—33 and 75. 


8-MHZ 3-W AMPLIFIER—Uses pair of BFY50 
parallel common- 
Power gain is 8.9 dB, 
efficiency is 61%, and both input and output 
impedances are 50 ohms.—Applications of the 
8FY50, BFY51, and BFY52, Philips, Pub. Dept., 


connected in 
emitter configuration. 


transistors 
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Eleoma Div,, Eindhoven, The Netherlands, 
No. 428, 1965. 
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INVERTING AMPLIFIER WITH ADJUSTABLE 
INPUT BIAS~Provides gain of 10 and band- 
width of 1.5 MHz for either a-c or d-c inputs, 
with adjustable bias voltage applied to input 
for correcting offset voltage of amplifier, 
which may typically be about 20 mV.—Micro- 
ZLD2S and ZiD2T, Ferranti 
Ltd., Oldham, Lanes., England, No. 11, 1967. 


lin Amplifiers 


BAL ANCE 
2NT7B4A 


LONG LONG-TAIL PAIR—Drift is less than 75 
BV per deg C referred to input, and differential 
mode voltage gain is 30. Addition of third 
transistor to differential pair improves com- 
mon-mode rejection while requiring only 
extra —6 V_ source.—Differential Amplifier, 
Electronic Design, Feb. 3, 1964, p 44, 


DIFFERENTIAL OUTPUT—Conventional differ- 
ential-pair shown is often used as output 
stage of amplifier even though only one out- 
put phase is used. Q4 maintains gain at 
frequencies down to d-c without resorting to 


INVERTING AMPLIFIER WITH ADJUSTABLE 
OUTPUT BIAS—~Provides gain of 10 and band- 
width of 1.5 MHz for either a-c or d-c inputs, 
with adjustable bias voltage applied to out- 
put for correcting offset voltage of amplifier, 
which may typically be about 20 mV.—Micro- 
lin Amplifiers ZLD2S and ZLD2T, Ferranti Ltd., 
Oldham, Lanes., England, No. 11, 1967. 


2N3638 2N3638 
INPUT, NS) 
10K 


OUTPUT 
6800 


O+20V 


zener diode or large bypass capacitor.—S. G, 
Freshour, Differential Amplifier Offers Efficient, 
Dual Outputs, Electronic Design, July 19, 1965, 
p 37-38. 
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WIDEBAND CURRENT AMPLIFIER—Bandwidth 
is over 6 MHz, input impedance about 15 
ohms, and output impedance 1K. Report 


—10¥ 


MEM 551 
(GENERAL 
INSTRUMENT } 


DC) 1n5288 
{CURRENT-LIMITING 
DIODE) 


+1Ov 
BUFFER—Dual mosfet coupled to complemen- 
tary transistor pair has excellent thermal sta- 
bility and almost infinite impedance, for 
isolating high-impedance circuits. Maximum 
input current drawn is less than 0.1 pA.—T. 
H. Lynch, MOS FET Amplifier Provides Almost 
Infinite Impedance, Electronics, July 24, 1967, 
p 88. 


INPUT (50.0) o- - 


POWER-FET FRONT END-—Covers 0.5 to 40 
MHz. Broadband noise figure is below 3 
dB, with sufficient dynamic range to handle 
signals above 2 V with little distortion. Re- 
ceiver sensitivity and selectivity are signifi- 
cantly better than that achieved with bipolar 
devices.—J3. Tamosaitis, The Power FET, Elec- 
tronics World, June 1969, p 34-35 and 82. 


gives design procedure. 
rent gain; 1.8K gives gain of 10 and band~ 
width of 9 MHz, while 3.6K gives current gain 


ZTX300 


R4 determines cur-~ 


© OUTPUT 


Oo 


of 20 and bandwidth of 6.5 MHz.—E-Line Tran- 
sistor Applications, Ferranti Ltd., Oldham, 
Lancs., England, 1969, p 29. 


—_———— DRIVER ——-——+}4+-——- LOAD 


CABLE-DRIVING PULSE AMPLIFIER—Upper 
transistor is turned on by pulse to drive 50- 
ohm line, and lower transistor turns on at end 
of pulse to discharge fine capacitance, to 
improve waveshape and permit driving of 
longer lines. Area enclosed in dashed lines 
simulates worst-case line-load situation, 
With 2N2927 pnp, 14-V pulse decays in 75 
ns; if 2N1132 is used instead, decay is 110 
ns.—Cable Driver Amplifier, Electronic Design, 
Feb, 3, 1964, p 44, 


OUTPUT 


son 


+20V 


WIDEBAND CONTROL AMPLIFIER—Voltage 
gain is 44 dB at 1 kHz. Highly efficient as 
power amplifier in control systems requiring 
a-¢ amplification.—“Linear Integrated  Cir- 
cuits,” RCA, Harrison, N., IC-41, p 274. 


HIGH-IMPEDANCE NONINVERTING A-C AM- 
PLIFIER—Arrangement of resistors used with 
Ferranti ZLD2 IC differential-input d-c ampli- 
fler gives high input impedance (400,000 
ohms), because feedback is applied to both 
inputs. Voltage gain is 30. Gives reason- 
ably good low-frequency response without 
requiring large-value capacitors; gain is 3 dB 
down at 240 Hz and 440 kHz.—Microlin Am- 
plifiers ZLD2S and ZLD2T, Ferranti Ltd., Old- 
ham, Lancs., England, No. 11, 1967. 


Tl 


cs o4 
250 
pF pF 


O4pyH | O16LH 


AMPLIFIER CIRCUITS 


THREE-STAGE CASCADED 1C—Symmetrical 
cascading of three IC video amplifiers gives 
stable gain of 65 dB with minimum supply 
decoupling, Operates equally well from 
either 4.5-V or 6-V supplies, except for larger 
output swing capability with higher voltage. 


17 


Voc (+) 
FR 0.01 pF 
zz" 
0.00ipF It-— 


With 0.02-uF coupling capacitors, response is 
flat within 1 dB from 0.02 to about 5 MHz. 
With 100-pF coupling, gain drops to 60 dB 
maximum at 3 MHz, and 1-dB-down band- 
width is only about 2 MHz.—“Linear Inte~ 
grated Circuits,“ RCA, Harrison, N.J., 'C-41, 
p 145. 


Ivp-p 
{kHz 


D-C TO 100 KHZ—Delivers 2 V p-p for input 
of 0.1 V p-p at 1 kHz, and covers entire fre- 
quency range from 100 kHz down to dec.— 


K=O05 


Li 
RFC 


O3yH 


5-60pF 


—24V 


14 voc 

- ROA IK 

INI7634 iw 

“Linear Integrated Circuits,” RCA, Harrison, 
N.J., §C-41, p 276, 


2vp-p 
(MAX 
UNDISTORTED) 


30-MHZ 3-W AMPLIFIER—Provides power gain 
of 7 dB and 48% efficiency with BFY50 tran- 
sistors. Input and output impedances are 50 
ohms.—Applications of the BFY50, BFY51, and 
BFY52, Philips, Pub. Dept., Elcoma Div., Eind- 
hoven, The Netherlands, No. 428, 1965, 
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2N3855 


VOLTAGE GAIN = 


FET WITH TRANSISTOR—Gives very high in- 
put impedance and low output impedance. 
Voltage gain can be made greater than unity 
by inserting resistor R2 in feedback path. 
Bandwidth decreases as impedance of driving 
source increases.—J, H. Wujek, Jr., and M. E. 
McGee, Field-Effect Transistor Circuits, Elec- 
tronics World, May 1967, p 32-33 and 75. 


20-MHZ BANDWIDTH—Two IC r-f amplifiers 
are combined to form stable, reliable wide- 
band differential amplifier, Gain, determined 
by ratio of RF to RIN, is 100 for values 


ELECTRONIC 


Rit 
Ri 


i2k 


Re 


FOR VOLTAGE GAIN OF 5 


Re 


db 


LOW-LEVEL CLASS B—Uses RCA CA3018 tran- 
sistor array to give maximum output power 
of 40 mW and total idling current that varies 
only from 0.5 to 0.6 mA over entire military 
temperature range. 


Uses both a-c and dec 


RI‘ = (Zg- 102 


shown, Bandwidth is 20 MHz, and delay 
time is 20 ns. Clamp diedes D1 and D2 are 
required if amplifier is overloaded by large 
differential inputs. Diodes cause output to 


LINE DRIVER—Uses 
providing 70 dB current gain, with unity volt- 
age gain, as either digital or analog driver for 
50-ohm line.—Power Booster MC1438R, Mo~ 
torola, Phoenix, Ariz., ADI-14R1, .1969, 
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15.2 


feedback. TI is ADC Products 5$X1322, and 
12 is Chicago Standard TA-10. RI is 
moved when R2 and R3 are added.—“Linear 
Integrated Circuits,’ RCA, Harrison, N.J., 1C- 
Al, p 315. 


re~ 


Motorola IC amplifier 


OUTPUT 


clip symmetrically and insure fast recovery. 
C. J. Ulrick, Differential Amplifier Uses Two 
IC’s, Electronics, Nov. 11, 1968, p 120-121. 
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+28 


120 ka 13kM 55 Ko 36 kN 


"GAIN 
ADJUST" 


OOUTPUT 
250 kL 


2N2386 


2N929 


25 kN 
"BIAS 
ADJUST” 
{See Note oc) 


Ry 


NOTES: o, Adjust for + 18 v at Point "A", 
b. All resistors + 5% tolerance, 1/2 watt. 


HIGH-Z INPUT—Use of p-channel diffused 
planar silicon fet gives input impedance of 
70 meg up to 100 Hz, 50 meg at 1 kHz, and 
10 meg at 10 kHz. Intended for small-signal 
applications. Voltage gain is adjustable 
from 1 to 20.—‘Preferred Semiconductors and 
Components,” Texas Instruments, Dallas, 
Texas, CCIO1, 1968, p 6302. 


+14 


O+rVec 


2515 INPUT 


© 


o 
FEEDBACK 


IMPROVING SIGNAL TRANSFER—Complemen- 
tary arrangement of amplifier transistors, 
with each operating class A as both amplifier 
and collector load, improves efficiency and 
reduces distortion. Each transistor serves as 
collector impedance for the other. Delivers 
0.5 W at 22 V to load.—M. J. Wright, Tran- 
sistor Replaces Resistor and Improves Ampli-+ 
fier, Electronics, Jan. 8, 1968, p 92. 


Rs = 
50 OHMS 


CA3000 


8000 
OHMS 


ViN 


10-MHZ NARROW-BAND—With tuned input 
and tuned output, IC d-c amplifier provides 
narrow-band response, with gain dropping 
from about 30 dB down to 0 dB at about 1.2 
MHz off from center frequency in either di- 
rection, Can be used in tuned amplifiers up 
to 30 MHz.—’Linear Integrated Circuits,” RCA, 
Harrison, Nui, IC-41, p 128. 


R-C COUPLING—Uses Mallory MICO101  pre~ 
amp to provide voltage gains from 57 to 53 
dB. 3-dB bandwidth extends up to 700 
kHz. Distortion is under 5% for outputs up 
to 1 V rms.—M. L. Deschler, Integrated Circuit 
Preamplifiers, Mallory, Indianapolis, Ind., 
APPN-2, 1968. 
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+12v 


Vin 


590 


~12y 


Circuit is stable with moderate capacitive 
loading and will slew at up to 300 V per us. 
Potentiometer can be connected to A and B 
to null the offset voltage. Bode plot is flat 


FAST-SETTLING BUFFER-Simple transistor cir- 
cuit outperforms high-speed fet opamps used 
in sampling circuits and analog memories by 
settling to 0.1% of final value in 50 ns. 


+50V 


+30V 


47k 


CONSTANT-CURRENT SOURCE—Q2 offers high 


FET SOURCE FOLLOWER—Uses voltage divider 


2N3417 
Q 


to provide bias for gate. Input impedance 
is 1 meg.—Field Effect Transistors and Appli- 
cations, Ferranti Ltd., Oldham, Lancs., Eng- 
land, No, 22, 1965. 


impedance to amplifier, and requires only 
bias current to develop output voltage. Prac- 
tically all of collector-current modulation of 
Q! is delivered to load; thus, collector cur- 
rent of 2 mA p-p produces I-mA p-p in load, 
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10k 


OPTIONAL OFFSET 
NULL 


MINIMUM MAXIMUM 
50 250 pt 


Ot pt Q,Q_  U252 (SILICONIX) 


05-0, 


NC 260 
HYBRID QUAD 


Ri=Re = Veg /Sma 


from d-c to 40 MHz.—D. Atlas, FET Buffer 
Boasts High Speed and Performance, Electron« 
ics, July 21, 1969, p 82~83. 


+50V 


O0lpt 


2N3417 
Q 


whereas 2.5K resistor in place of Q2 would 
require 4-mA p-p input for same output. 
Maximum output power is over 0.2 W at 22 
V.—M. J, Wright, Transistor Replaces Resistor 
and Improves Amplifier, Electronics, Jan. 8, 
1968, p 92. 
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—20¥ 
OUTPUT 
TANK Qe 
CIRCUIT 2N2635 


“= AI] CAPACITORS ARE 0.1 pf 


INFINITE IMPEDANCE—Simple two-stage am~ 
plifier with both positive and negative feed- 
back can serve either as @ multiplier or 
infinite-impedance amplifier, by appropriate 
adjustment of interstage feedback. Basi- 
cally, this circuit is a negative-impedance con- 
verter, Article gives design equations.—G. 
Marosi, Negative Impedance Converter Does 
Double Duty, Electronics, July 24, 1967, p 87— 
88. 


o+24V 


EMITTER-FOLLOWER WITHOUT OFFSET—D-c 
levels at input and output are equal, with 
offset eliminated by diode. Suitable for both 


LOSpF 


TWIN-T~—Adjusting R3 in basic twin-T oscilla~ 
tor for operation well in quiescent active re- 
gion gives resonant amplifier peaking at 520 
Hz, with Q of 15. Chief advantage is re- 
sponse only to fundamental, not harmonics. 
—F, B. Maynard, Twin T's: Designs & Applica- 
tions, Electronics World, Aug. 1968, p 35~—37 
and 64. 


0OSpF 
OOSHF ay i 
50k 


OI-MPS 6521 


e+12V 


R3 
680K 


OUTPUT 
ZEROde 


INPUT 
ZERO de 
dD 
IN2\I 


% SELECTED TO GIVE ZERO VOLTS AT THE BASE 


dec and a-c applications.-A. C. Caggiano, 
Modified Emitter Follower Has No Offset, EEE, 
March 1967, p 164. 


2 OY 
BOOTSTRAPPED FET SOURCE FOLLOWER— 
Bootstrapping increases input impedance to 
5.5 meg as compared to 1 meg for conven- 
tional source follower using same resistor 
valves, for improved performance stability. 
Field Effect Transistors and Applications, Fer- 
ranti Ltd., Oldham, Lanes., England, No. 22, 
1965. 


INPUTO 


UNITY GAIN AT HIGH IMPEDANCE—~—Input 
impedance is at least 1 meg and bandwidth 
is above 1 MHz at 1 V rms output.—E-Line 
Transistor Applications, Ferranti Ltd., Oldham, 
Lanes., England, 1969, p 31. 


Veco +9V 


TRe 
ZTX500 


(OK 


2TK302 


© OUTPUT 


22 


Li = 0.11 to 0.17 pH 
Iln= 0.5 to0.8 »H 


LOW- FREQ 
(kia) 
INPUT OV 

IMPEOANCE 
15Ma, 0! 


WIDEBAND VOLTAGE AMPLIFIER—Bandwidth 
for 3 dB down is 14 MHz, with 10K input 


SUBSTRATE 


100-MHZ CASCODE WITH AGC—Uses RCA 
CA3018 transistor array, with Q1-Q2 in cas+ 
code and Darlington Q3-Q4 providing ampli- 
fication and age, 
= dB bandwidth is 4.5 MHz, age range is 70 dB, 
and noise figure is 6.8 dB.—"Linear inte- 
grated Circuits,” RCA, Harrison, N.J., 1C-41, 
p 316. 


Power gain is 26 dB, 3+ 


~18V 


LOW- FREQ. 
(khz) 
Vout OUTPUT 
IMPEDANCE 
U>110, U-n2 55k 


greater than un 


dre and M. E. 
ont 


and 75, 
Your 


VOLTAGE GAIN. TT sg 


ten S0ut 


impedance and voltage gain of 20. Report 
gives design procedure.—S-Line Transistor Ap- 
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2N3906 


COAXIAL 
CABLE 


L&_ OUTPUT 


~~ N 


R 
4.3k 


~15V 


PROBE AMPLIFIER—Input impedance is well 
above 10 meg and input current about 1.5 
mA. Power supply and output are combined 
in one lead, and coax shield provides ground, 
so amplifier requires only two conductors, 
Uses fet and bipolar transistor. 
drive several feet of coax.—J. F. Teixeira, 
Unity-gain Amplifier in Probe Needs Only 
Two Conductors, Electronics, June 9, 1969, p 
99, 


Can easily 


COMMON-SOURCE FET—Circuit is analogous 
fo common-emitter transistor and common- 
cathode tube circuits. 


Voltage gain can be 
ity up to 1 MHz.—J,. H. Wujek, 
McGee, Field-Effect Transistor 


Circuits, Electronics World, May 1967, p 32-33 


0 


plications, Ferranti Ltd., Oldham, Lanes., 


Eng- 
land, 1969, p 31, e 


CHAPTER 3 
Audio Amplifier Circuits 


$22 +iev 
AAV - + 
470K0 22kN, 
BC 148 
TR3 or BCIO8 
ACI76 
| eae 
c; aC 148 


or BCIO8 


BC 148 
or BCIOB 


2-STAGE BUFFER—Common-emitter first stage 
has heavy feedback. Voltage gain of buffer 
is unity, response is flat within 3 dB from 20 


3-W AUDIO AMP—Response is flat within 3. rated power output into 12-ohm speaker.— ered o Rp jo — 0.5% - 
dB from 40 to 20,000 Hz because circuit uses “Transistor Audio and Radio Circuits,” Mullard oY puts: up lo 29. Ne Input impedance 13" 3. 


3 le eee A 7 969, p 35. meg, and output impedance is 250 ohms.— 
20-dB feedback. Sensitivity is 70 mV for  Ltd., London, 17 p 35 “Transistor Audio and Radio Circuits,” Mullard 


ltd., London, 1969, p 122. 
-18V 


1.8K 
OUTPUT 


Q2 
2N2843 


A PARALLEL - T- FILTER 


60-HZ NARROW BANDPASS—Amplifies 60-Hz First stage is summing amplifier using two  zero.—J. M. Howe, Low-Frequency FET Am-~ 
input signal 4 times, while attenuating 30-Hz _fet’s in class A connected to common load,  plifier has Narrow Bandpass, Electronic De- 
and 120-Hz signals 12 dB, Response at 600 Components in section FI eliminate 60-Hz sign, Jan. 4, 1965, p 72. 

Hz is down over 20 dB. Output is inverted. component to keep negative feedback at 
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10-W HI-Fi—Quasi-complementary circuit uses 
1N3754 diodes in input of driver to compen~ 
sate for effect of high-temperature variations 
of output transistors. Diodes shunting 1- SOpF 
ohm resistors in output stage reduce losses 

when operating at rated power, while resis- 

tors provide degeneration for circuit stability. 

Response is flat within 1 dB from 15 to AF, 
20,000 Hz.~-R. D. Gold and J. C. Sondermeyer, 
Designing Silicon-Transistor Hi-Fi Amplifiers, 
Electronics World, Nov. 1966, p 47-50 and 
80-81, 10k 


{ov 


i 
(eon 
OPTIONAL 
{SEE TEXT} 


: } SWITCH POSITIONS: 
SSose —t  [-MICROPHONE(HIZ) 
E HEAD 


t 
2- TAP! 
3-MAG. PHONO 


1-W IC AMPLIFIER—Uses GE PA-237 mono- 
lithic integrated circuit with external compo- 
nents shown. Can drive 8-ohm speaker di- 
rectly, With 22-V supply, will deliver 1.5 
W into 22-chm load. Total harmonic distortion 


is 1% at 1 kHz.—Dwight V. Jones, Mono- 
lithic 2 Watt Integrated Amplifier—Charac- 
teristics and Applications, General Electric, 
Syracuse, N.Y., No. 90.73, 1968, p 10. 


120¥ 


> 


ALF, OUTPUT (8.0) 


IC PREAMP—Uses Amperex TAA-293  inte- 
grated circuit containing three transistors and 
four resistors, priced under $3. SI gives 
choice of three types of equalization. To 
obtain higher gain for tape playback, add 
125-uF capacitor across 560-ohm resistor used 
in place of 680 ohms, and insert 180-ohm un- 
bypassed series resistor as per dotted lines. 
Output is 0.5 V.—D. R. Pryce, integrated Cir- 
cuit Equalized Preamplifier, Electronics World, 
July 1968, p 29 and 73, 


v 


MOVIE SOUND PICKUP—Silicon photocell and 
single-transistor amplifier give essentially flat 
frequency tesponse from d-c to well above 
20,000 Hz for sound-on-film track of movie 
projector.~Silicon Photocell Applications, Fer- 
ranti Utd., Oldham, hancs., England, No. 9, 
5/67, p 16. 
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IC HEARING AID—Uses TAA370 IC developed 
especially for body and behind-the-ear hear- 
ing aids. Heavy negative feedback keeps 
spread in gain very small for battery aging 
and other factors. Output power is 1 mW. 
Frequency response is determined largely by 
values of C2, C5, and C6; for those shown, 
response is flat within 3 dB from 200 Hz to 
above 9,000 Hz. R10 is 1.5K.—The Amperex 
TAA 370 as a Hearing Aid Amplifier, Am- 
perex, Slatersville, R.t., S-139, 1968. 


2-W IC AMPLIFIER—Uses GE PA-237  inte- 
grated circuit for driving 16-ohm load that 
is returned to ground, Total harmonic dis- 
tortion is 1% at t kHz.—Dwight V. Jones, 
Monolithic 2 Watt Integrated Amplifier— 
Characteristics and Applications, General 
Electric, Syracuse, N.Y., No. 90.73, 1968, p 11. 


2-W IC WITH 2-MEG INPUT—Uses GE PA-237 
integrated circuit with additional transistor 
at input to give input impedance between 2 
and 3 meg.—Dwight V. Jones, Monolithic 2 
Watt Integrated Amplifter—Characteristics and 
Applications, General Electric, Syracuse, N.Y., 
No, 90.73, 1968, p 13. 


{MONOLITHIC 1.C. 
WITHIN DASHED LINES) 


INTERNAL +ISVAT = 20mA 
aad ean a Adem ae +6V 
! in [AT BMA ke 
— A 
id 
rasur = ear ee 


Me ol AAT 20S jc 4A 


BOOSTER AMP, | 


BOOSTER AMP. 2. 


DECOUPLER—Used to prevent feedback and 
crosstalk problems when two preamps, with 
or without booster amplifiers, are used in 
stereo system having Amperex TAA-293 IC 
in each channel. Only power supply con- 
nections for IC’s are shown here.—D. R. Pryce, 
‘Integrated Circuit Equalized Preamplifier, 
Electronics World, July 1968, p 29 and 73, 
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OlbF 
Resistor 
Supply Idling between Power Total 
Voltage Current Terminals Output Harmonic 
Veo lao 8 and 14 Pout Distortion 
\) (ma) {ohms) (mi) (%) 
3 10 220 50 2.0 
6 21 1000 200 2.0 
9 24 oe 400 25 2-W AUDIO IC—G-E monolithic amplifier has 
LOW-DISTORTION 1C AMPLIFIER—Table gives quasi-complementary output circuit, shown 
optimum value of resistor R, connected be- inside dashed square, to give push-pull output. 
. 7 ; Input is differential amplifier—D. V. Jones, 
tween wideband IC amplifier terminals 8 and . Paes 
11, for minimizing total harmonic distortion. Audio-Frequency Integrated Circuits, flectron- 
—"“Linear Integrated Circuits," RCA, Harrison, ies World, July 1968, p 54-56. 


NJ, 1€-41, p 270, 


1-W IC AUDIO AMP-—Gives high gain and 
Jow current consumption for portable radios, 
phonographs, TV sets, tape cassette systems, 
and walkie-talkies. Uses Amperex TAA300 
iC. Frequency response is down 3 dB at 
120 and 23,000 Hz with feedback. Select 
R-adj for 8-mA no-signal total current drain. 
~The Amperex TAA 300 Monolithic Integrated 
Circuits Used as a Complete Audio Amplifier, 
Amperex, Slatersville, R.l., $-138, 1968. 


0.5-W AMPLIFIER—Serves as center of inex- 
pensive mono hi-fi system. Uses external 9- 
V supply for power, and a-m/f-m tuner or 
ceramic cartridge phonograph as program 
source feeding into 32-ohm speaker. Article 
gives construction details, Parts values are; 
Rl 2.5 meg; R2 270; R3 10K bass poi; 84 
200K; R5, R9 10K; R6-R7-R8 100K; RIO 22K; 
RIV 1.2K; Cl 75 puF; C2 0.1 pF; C3 0.02 pF; 
C4 15 uF; C5 0.01 HF; C6 0.05 uF; QI HEP- 
253; Q@2 HEP254; Q3 HEP230—“Solid State 
Projects Manual,” Motorola, Phoenix, Ariz., 
1968, p 37. 


AUDIO AMPLIFIER 


ClO-0.05uF 


3 CONDUCTOR CABLE 


TERMINAL, 
BOX 4 


SHIELD 


mm 
BELDEN #0446 
{OR EQUIV) 
@ CONDUCTOR 
PLASTIC JACKETED 
INTERCOM CABLE 


HANOSET ASSEMBLY I 
SHOWN IN "ON HOOK 
CONDITION 


{SEE TEXT) 


3 SEPARATE SHIELDED CONDUCTORS 
(BELDEN #6733 OR EQUIV) 
a 


DYNAMIC MICROPHONE INSTALLED IN HANDSET 


SHIELD FeRMNA L 


£ 


' tet 
twee 
BELDEN #8448 
(OR Equiv) 

8 CONDUCTOR 
PLASTIC JACKETED 
INTERCOM CABLE 


HANDSET ASSEMBLY 2 
SHOWN IN "OFF HOOK" 
CONDITION 


(@STANDARD HANDSET RECEIVER 


TWO-STATION INTERCOM WITH PRIVACY— 
Has no on-off or talk-listen switches yet 
neither party can listen in on room conver- 
sations at other station when handset at one 
station is hung up. When one party picks 
up handset, beep tone at other station calls 
other party. When that handset is picked 
up, tone stops and normal two-way conversa~ 
tion can take place, with both parties talking 
and listening just as with standard telephone. 


Cost of parts for two stations is about $50. 
Any equivalent transistor can be used, such as 
2N697, 2N3705, SK3020, GE21, or HEP54. 
Article tells where to buy handset, cradle, and 
dynamic microphone to be used in place of 
handset transmitter cartridge in each of the 
identical stations or terminals.—E. A. Morris, 
Phonecom—The Hot Line Intercom, Elementary 
Efectronics, Mar. —Apr. 1970, p 35~40 and 99— 
100. 
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IC AUDIO OUTPUT—Delivers up to 1 W, either 
to center-tapped speaker or to output trans- 
former and ordinary speaker as shown. 
Same integrated circuit can also drive higher- 
power audio amplifiers. Power gain is 58 
dB.—D. E. Lancaster, Audio Integrated Cir- 
cuits—What’s Available?, Electronics World, 
Oct, 1967, p 34-36, 


OPAMP PREAMP—Input transformer for micro- 
phone provides voltage step-up for Model 425 
d-c opamp. Serves to reduce overall noise, 
because total noise becomes equal to noise of 
transformer plus noise of IC, divided by trans- 
former gain, Low-frequency cutoff is 10 Hz. 
Output level of IC is --22 dBm and overall 
gain is 1,000 (60 dB). May also be used as 
tape preamp.—B, J, Losmandy, Operational 
Amplifier Applications for Audio Systems, Op- 
amp Labs, Los Angeles, Cal., 1968. 


TO LOAD 
+1370 


12-V OUTPUT STAGE~—Provides medium power 
for audio applications. Converter and in- 
verter applications for 40250 are given in 
RCA Application Note SMA-35.—Amplifiers 
and Converters, Electronic Design, March 15, 
1965, p 217. 
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O.1pfd 


HRN1030 


an lOnid 


5-W HI-Fl AMPLIFIER—Uses single mosfet in- 
put stage, for which two-mosfet tone control 


+40V0 


+20V OUTPUT 


FET INPUT—Used when high audio voltage 
gain is more important than hi-fi quality. 
Signal voltage gain is 120, and frequency 
response is down 2 dB at 30 Hz and 10,000 
Hz. R2 is between 560 and 1,200 ohms, se- 
lected to produce d-c stage current of 1 mA 
at 20 V.—F, H. Tooker, High-Gain Audio Input 
Stage, Electronics World, July 1969, p 77. 


cirevit may be substituted if desired.—C. R. Electronic Circuits,” Hughes, Newport Beach, 
Perkins, “Application of MOSFET Devices to Cal., 1968, p 8. 


10-W COMPLEMENTARY AMPLIFIER—Uses 
matched pair of pnp and npn Motorola tran- 
sistors to give high-fidelity performance for 
stereo and other applications.—D. E. Lancaster, 
Plastic Power Transistors—Advantages and 
Applications, Electronics World, Feb, 1968, p 
50-52. 
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70-W 20-HZ QUASI-COMPLEMENTARY—Devel- 
oped for amplifying 20-Hz sine-wave input 
and feeding 225-W peak power into 8-ohm 


load. Zener CR5 is 1M1519.—"Silicon Power 


Cirevits Manual,” RCA, Harrison, N.J., SP-5, 
p 100. 
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Rs 
—— WA 3 0v 
ik lOKn 
Ry C2 
5 50K 16uF 
> ie 
S Fe 
S 120K 
R7 
Cl 4700 L E- 
1] 1250yF 
2 25V 


TRa Rig 
es 4702>100N BCcI46 Osn 
Be aoopr cr 8CI08 
Ry 25V 
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10-W HI-FI AMPLIFIER—Response is flat within Complementary pair of output transistors to ensure high quality without hum.—"Tran- 
3 dB from 20 to 35,000 Hz for 2-W output. drives 8-ohm speaker directly. Book gives  sistor Audio and Radio Circuits,” Mullard Ltd., 
Distortion at rated output is less than 0.1%. recommendations for layout of components London, 1969, p 102. 


TWO-STATION INTERCOM—Can provide com- thereby increasing battery life. Article gives 56; R11 0.47; CI, C2 5 uF; C3 25 MF; C4, C5 
munication over distance of 100 feet, using construction details. Both speakers are 45 10 uF; Q} HEP253; Q2 HEP254; Q3 HEP230. 
9 to 12 V voltage source. Circuit draws ohms. Parts values are: RI 100K; R2, R5, R6 —"Solid State Projects Manual,” Motorola, 
power only when message is being sent, 10K; R3, R7 2K; R4 51; R8 1.5K; R9 100; RIO Phoenix, Ariz., 1968, p 45-50. 
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+ I40 VOLTS 


TIO6 
TRIAD S-6X 
$000/3.2.0 


AUDIO FOR PORTABLE COLOR TV—Uses low- 
cost high-voltage glassivated D40N power 
transistor in class A common-emitter output 
stage having direct coupling to common- 
emitter driver. Maximum power output at 
400 Hz is 2 W. At! W, distortion is about 
10%.—E. 1. Haas and D. V. Jones, Portable 
TV Sound System, General Electric, Syracuse, 
N.Y., No, 90.78, 1969. 


22 


— 


TO 
VOLUME 
CONTROL 


AL4C or IN5060 


+ to 250 VOLTS 

21.8mA 

© +8,5 VOLTS 
for I.F. SUPPLY 

# VOLTAGE 


TYPE 


4-W_ IC-TRANSISTOR—Wideband IC is here 


Tle se used with driver transformer, power transistor, 
ARGONNE aay and output transformer to deliver full rated 
TYPE 163 Power to speaker for 18-mV audio input.— 
OR EQUIV 


“Linear Integrated Circuits,“ RCA, Harrison, 
N.J., 1C-41, p 274. 


“SOvoc 


80-W POWER AMPLIFIER—Uses high-voltage 
high-power audio transistors in half-bridge 
push-pull output to drive 8-ohm load directly 
from balanced 50-V d-c supply. Response is 
flat within 1 dB from 20 to 20,000 Hz at 1 W 
and 20 W output. For 50 W per channel, d-c 
supply can be reduced to 35 V and bias re- 0p! 
sistor changed from 750 to 550 ohms.—160 2avek 
Watt Stereo Audio Power Amplifier Design, 
Delco Radio, Kokomo, Ind., No, 35, 1968. 


DELCO RADIO 
OTG-1OA 


2200 


*. (ONLY ONE CHANNEL SHOWN} 
SELECT FOR 2.3 TO 2.5V AT Tpl 47K 1S TYPICAL 


AUDIO AMPLIFIER CIRCUITS 


looKg 


NOTE: 
Ry =0; Av=420X, 
Ry) =180;Ay* 9X 


_ 3 100 


6-W IC WITHOUT A-C FEEDBACK—Provides 
high gain, with distortion still less than 10% 


at full power. Feeds 10-ohm speaker. Used 
in avto radios, tape players, and mobile 
power amplifiers. IC is Mallory M!CO201.—M. 
L. Deschler, Integrated Circuit Audio Driver 
Amplifier, Mallory, Indianapolis, Ind., APPN-1, 
1968. 


10-W AUDIO AMP WITH ZOBEL NETWORK— 
Output transistors are protected from energy 
stored in inductance of speaker by Zobel net- 
work RZ-CZ whose values are chosen to make 
speaker present purely resistive load to tran- 
sistors. RZ should be equal to equivalent re- 
sistance of speakers, and CZ should be equal 
to speaker inductance divided by square of its 
resistance, For 4-ohm speaker with induct- 
ance of 200 uH, RZ should be 4 ohms and CZ 
12.5 uF. Distortion is less than 3% and re- 
sponse is flat within 3 dB from 40 to 20,000 
Hz.—“Transistor Audio and Radio Circuits,” 
Mullard Ltd., London, 1969, p 39. 


1.5K 
13.8V 
D29E2J10R 
2N3858 


o+14.4V 


4 W WITH COMPLEMENTARY OUTPUT TRAN- 
SISTORS—Total harmonic distortion is 1.6% 
for 3.2-ohm load, and slightly higher for 4- 
ohm load. Driver transistor requires mount- 
ing on metal surface.—Dwight V. Jones, 
Silicon Power Transistor Amplifier Circuits with 
High Performance at Low Cost, General Elec- 
tric, Syracuse, N.Y., No. 90.79, 1969. 


+ 12 VDC 


1100ma 


RZ 0.472 
& tcc 


OUTPUT 
o 


INPUT 


Av = Av open loop 
ZIN=R1 


Ry = 1082 


; 
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25-W HI-Fl AMPLIFIER~Developed for use as 
one channel of stereo system, Matched out- tortion in crossover region (at low output 
put transistors are driven by matched comple- power) is very low, RI is preset for sym- 
mentary pair, Three diodes ensure that dis- metrical clipping in output stage. 


response is flat within 3 dB from 10 to 
30,000 Hz, and distortion at full output is only 
0.2%.—"Transistor Audio and Radio Circuits,’’ 
Frequency Mullard Ltd., London, 1969, p 106. 


Ty 
(STANCOR TA~10} 


30-MW IC DRIVER—Audio input of 6.5 mV 
ms gives 30-mW audio output when IC 
a-f amplifier is used as single-supply audio 
driver in capacitor-coupled amplifier. Neither 
a-¢ nor d-c feedback loops are used.—“Linear 
Integrated Circuits,” RCA, Harrison, N.J., IC- 
4), p 135. 


SINGLE-ENDED PUSH-PULL CLASS B—With 
2N2147 power transistors, EIA music power 
output rating is 45 W and power gain 33 
dB. Chief drawback is need for driver trans- 
former. Values: R1, R3 330; R2, R4 3.9; R5, 
R6 0,27; Vee 22 V.—"Transistor Manual,” 
RCA, Harrison, N.J., $C-13, p 192, 


AUDIO AMPLIFIER CIRCUITS 33 


arate, 
oO Ba 


By 56K 


2N3859 
ZinBI5OK 


o+30V 
(250 mA} 


5-W AMPLIFIER WITH DARLINGTON OUTPUT 
—Pre-driver stage increases both sensitivity 
and input impedance. Power Darlington in 
output eliminates need for bootstrapping 
class A drive load resistor. At rated output, 
total harmonic distortion at 1 kHz is 1.5% 
with 280-mV input signal.—Dwight V. Jones, 
Silicon Power Transistor Amplifier Circuits with 
High Performance at Low Cost, General Elec- 
tric, Syracuse, N.Y., No. 90.79, 1969. 


16.n. 
LOAD 


day 


ome 
4 
paitata 9 VOLTS 
: ee {OPTIONAL} 2 
VERSATILE FET—Amplifies low-level audio sig- ‘7 
nals over frequency range of 10 Hz to 30 kHz. oI y mid 
Current drain is only 200 to 400 4A. Typical é 
gain is 200 to 400. Has high input imped- . OUTPUT 
ance and low output impedance.—“Tips on aye 4 
Using FET’s,“ HMA-33, Motorola Semicon- 22MEG fe 
ductor Products Inc., Phoenix, Ariz., 1969. ies — eo vee 
= +45V 
270k2 6-BKQ Voc (6 V} Vv APY) 
47kO. af 
aW 5 


aCi468 
or BCIO8 ° 
220nF 4:5V 
of SQUELCH 
VOLTAGE 
peeve 3902 
250uF 
I50kQ. 
4-7k0. rye 


AMPLIFIER WITH HIGH VOLTAGE OUTPUT— 
Voltage gain is 20 dB and maximum output 
voltage 10 V, with 45-V supply. Input im- 
pedance is 140K and output impedance is 


5-1 €) 
pov acia7 
or BCIO7 +5. | 


qT 
(STANCOR TA~I0} 


O(Q6 BASE) 


O 
Vee (-6 V) 


200 ohms. Response is ftat within 3 dB 
from 20 to 20,000 Hz.—"Transistor Audio and 
Radio Circuits,” Mullard Ltd,, London, 1969, 
p 127. 


300-MW IC DRIVER—IC a-f amplifier is used 
as dual-supply audio driver in direct-coupled 
audio amplifier delivering 300 mW for audio 


. input of 0.3 V rms with 30-V supply for output 


stage, and about 100 mW for 6-V supply. If 
audio squelch is not desired, terminal 2 must 
be grounded.—“Linear Integrated Circuits,’’ 
RCA, Harrison, N.J., IC-41, p 133. 
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50-W POWER AMPLIFIER—Provides high per- 
formance at low cost for commercial home 
entertainment systems. Can be used after 


+20V 


+35V, 


tone control or preamp stage providing 0.1 Tt 27 0.47 
V signal. Bandwidth is Nat within 1 dB from 5 DELCO iw 
20 to 20,000 Hz at 5 W. Total harmonic S DTG-110 
distortion is 2% at 1 kHz up to foll output, = 
and intermodulation distortion below 3% up . 
to 40 W.--50 Watt Audio Power Amplifier Of LS 
Design, Delco Radio, Kokomo, Ind., No. 36, 820, 
1967. 2N3391 ow 
0.1V, into, 

68K 40K 


DELCO 
DTG-110 


gn 


680 pf 


AUDIO BOOSTER-—Single-transistor audio am- 
plifier operating from 1.5-V alkaline cell can 
be mounted in base of desk-stand microphone 
for use as preamp, to give mare modulation 10K 
for any transmitter and less hum pickup even 

when using long microphone cable, T! is 

miniature audio transformer having 100,000- AUDIO N 


AUDIO 
our 


ohm primary (for use with high-impedance + 
mike) and 1,000-ohm secondary. For low- 8 St (SEE TEXT) 
impedance mike, omit T1 and connect directly a 

+ to Cl. Book gives construction details.—E. co JB! 
A. Morris, Modulation Booster, “Bench-Tested 3 TOME +158V cHiet 
Communications Projects,” Hayden Book Co., es {GROUND) 


N.Y. p 51-54. 


+ 12Vde 1100ma 


R3 0.472 


O INPUT 


2N442 or Equiv. 


—R = 
Pies ie Ry = 102 
AY? Ry L 
2 
Zin = Ry + —*- 
IN UN TTA, (Open Loop) me 


6-W IC WITH SHUNT A-C FEEDBACK—Uses 
Mallory MICO201 audio driver JC with mini- 
mum number of external components, Dis- 
tortion is less than 1% for outputs up to 3.5 


7-W SINGLE-ENDED CLASS B—Two power tran- 
sistors in single-ended output stage drive 2.5- 
ohm speaker directly with full rated power 
for input of 14.2 mV to IC wideband ampli- 
fier.—“Linear Integrated Circuits,” RCA, Har- 
rison, N.J., IC-41, p 274. 


W. Distortion increases to 10% for outputs 
above 6 W. Used in auto radios, tape play- 
ers, and mobile power amplifiers.-M. L. 
Deschler, Integrated Circuit Audio Driver Am- 
plifier, Mallory, Indianapolis, Ind., APPN-1, 
1968. 


AUDIO AMPLIFIER CIRCUITS 


+eay 
o 


3-W UTILITY AMPLIFIER~Power gain is 38 
dB, voltage gain 20 dB, and response is flat 
will 
TR3 is BCY32 and 


within 3 dB from 15 Hz to 50,000 Hz. 
drive loudspeaker directly. 


fuk Mav 


50uf/i2v 


DIRECT-COUPLED OUTPUT—Direct coupling in 
Sony model 2R-27 a-m portable radio elimi- 
nates two coupling transformers and reduces 
no-signal battery drain to 5.5 mA, thus in- 
creasing battery life 30%. First two stages 


other transistors are BFY51. 
—Applications of the BFY50, BFY5! 
BFY52, Philips, Pub. Dept., Elcoma Div., Eind- 
hoven, The Netherlands, No. 428, 1965. 


Diode is OA200, 
and 


Q3 
2S0128 


Q 
2SCc40t 


use complementary-symmetry cascade con- 
nection, while output stage is class B push- 
pull complementary symmetry. High stability 
is obtained by 100% d-c negative feedback 
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+24V 


1OKCL 500n 
16a 
t4-4—+ Le, 
100uF 
BFKe? 
biccasie hac 
arysl erye 
Hen Seon Secon gin 


OPTICAL SOUND HEAD—Will give output of 
50 mW with optical modulation of only 50 
lux from sound track on movie film. Maxi« 
mum output is 3 W, and frequency response 
extends from 15 to 6,000 Hz at 100 lux. 
Required intensity through 0.08 X 0.01-inch 
slot, for bandwidth of 6 Hz and full output, 
can be obtained by focusing 1-W miniature 
lamp on slot.—Applications of Silicon Planar 
Phototransistor BPX25, Philips, Pub. Dept., 
Elcoma Div., Eindhoven, The Netherlands, No. 
316, 1967. 


from output stage through 3.6K resistor to 
Q1.—Ceramic Filters Edge Out Costly I-F 
Transformers, Electronics, Nov. 14, 1966, p 
160-163. 
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R7 
22k, 5% + 


PREAMPLIFIER 
“USE HEAT SINK CLIP ON Q3. 


5 W FOR 16 OHMS~—Simple and economical 
audio power amplifier delivers rated output 
for input of 0.1 Vrms, Response is down 3 


WA- 
RE . 
390k mMPSs6s35 


DRIVER 


OUTPUT 


dB at 40 Hz and well above 20 kHz. Book 
gives changes needed for 10-W output.— 
“Semiconductor Power Circuits Handbook,” 
Motorola, Phoenix, Ariz., 1968, p 5-34. 


OK 


4-W HIGH-GAIN AMPLIFIER—Addition of com- 
plementary push-pull drive stage to basic 
complementary output transistor arrangement 
permits class A drive stage to be operated at 
lower current and power dissipation. This 


2N3858 


Ay = 690X (56 dB) WITH RI=15 


gives higher voltage gain and permits use of 
lower-cost transistors. Added sensitivity re- 
duces distortion. Total harmonic distortion at 
1 kHz is 1.8% for 5.4-mV input signal— 


| ATOR 
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pe 25 O,F 


$2kQ 


anag 


MICROPHONE AMPLIFIER—Voltage gain is ad- 
justable between 13 and 40 dB by varying 
feedback with 10K pot. Distortion at maxi 
mum gain is 0.75% for 2-V output, input 
impedance is 120K, and output impedance is 
120 ohms.—“Transistor Audio and Radio Cir- 
cuits,” Mullard Ltd., London, 1969, p 124. 


O+14.4V 


D43c2 
(D27D3) 


© (8W Max.) 


Dwight V. Jones, Silicon Power Transistor 
Amplifier Circuits with High Performance at 
low Cost, General Electric, Syracuse, N.Y., 
No. 90.79, 1969. 


AUDIO AMPLIFIER CIRCUITS 


1-MW HEARING AlD—Three-transistor circuit 
provides adequate power for conventional 
behind-the-ear hearing aid. Requires only 
25K volume control, low enough to be reliable 


sistor currents; average value is 350K.—A. M. 
Aelbers and A. M. Peters, The Microminiature 
Transistor BC112 Employed in a Direct Coupled 
Hearing Aid Amplifier with 1 mW Output, 
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ARGONNE 
TYPE (63 
OR EQUIV, 


4-W CLASS-A AMPLIFIER WITH IC—Integrated 
circuit provides 58 dB power gain in driving 
transistor output stage through coupling trans- 
former.—D, E, Lancaster, Audio Integrated 
Circuits—What’s Available?, Electronics World, 
Oct. 1967, p 34~36. 


as miniature pot. Input can range from 100 
pV to 5 mV. Value of RF depends on tran- 


Philips, Pub. Dept., Elcoma Div., Eindhoven, 
The Netherlands, No. 135, 1966. 


R3 
47k 


SEISMIC = AMPLIFIER—Can amplify faint 
echoes of distant explosive charge without 
being saturated by direct sound of under- 
ground explosion used in geophysical pros- 
pecting. Gain is about 25 for microvolt in- 
puts, and decreases automatically as input 


6~10v (WITH 1 uv INPUT) 


+0 
5.6k 
{Spt 


increases to  millivolt levels. Only first A) Q2 fares 
stage is shown; five stages give maximum hs 2N328 SECOND 
overall gain of 1,000,000 and input dynamic {NPUT tat AMPLIFIER 
range of 60 dB from 1-zV minimum signal, (lpv-Imv) 


Third stage has manual level control that 
adjusts gain without affecting frequency re- 
sponse or dynamic range.—G, S. Lehsten, 
Audio Amplifier Adjusts Gain to Input Levels, 
Electronics, May 29, 1967, p 86-87. 


Minigi2R 
0.33.0. 


+12Vde 1100ma tek ow 
AF. 
OUTPUT 
(en) 
uve RS 0.472 zon 
OUTPUT 
O 


Qt 2N442 or Equiv. 


© +42V(NO LOAD) 
(NOTE 3} 


120Vv © COMMON 


©—42V(NO LOAD) 
{NOTE 3) 
6-W IC WITH SERIES-SHUNT A-C FEEDBACK— 


Input impedance is 1K but circuit retains high 
sensitivity {20 mV input for 2 W_ output) 
even with feedback from output transistor to 
Mallory MICO201 [C input. Distortion is about 
10% for 6 W but less than 5% up to 4.5 W. 
-—-M. L. Deschler, Integrated Circuit Audio 
Driver Amplifier, Mallory, Indianapolis, ind., 
APPN-I, 1968. 


NOTE | 100°C THERMAL CUT-OUT ATTACHED TO HEAT 
SINK OF CUTPLUT TRANSISTOR = 
2:AT 154 D.C.; 62V CT. FOR OPEN CIRCUIT 
3: 39V AT FULL LOAD 


70-W HI-Fl—Response is flat within 1 dB from 
5 to 25,000 Hz. Diodes in driver stage are 
thermally connected to output transistor heat 
sinks, to maintain preset 20 mA of quiescent 
output current at case temperatures up to 


100 C. Other circuit features contribute to 
stability and reliability.—R. D. Gold and J. C. 
Sondermeyer, Designing Silicon-Transistor Hi-. 
Fi Amplifiers, Electronics World, Nov. 1966, p 
47—50 and 80—81. 
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20W IN3I94'S 


4032! 40322 


* pri. imp. =60021, C.T. 
SEC. IMP. = 8.2. 


25-W PUBLIC ADDRESS—Transformer-coupled 
a-c/d-c class-AB audio amplifier provides out- 
put impedance flexibility. Drivers use Dar- 
lington arrangement to output transistors. 
Input impedance is 2,500 ohms, Respanse 


0.8-MW IC HEARING AlD—Uses TAA370 IC 
driving 1,000-ohm eurpiece. Total current 
drain is 1.65 mA from 1.55-V silver oxide cell, 
R10 is 3.3K. Report gives performance 
curves.—The Amperex TAA 370 as a Hearing 
Aid Amplifier, Amperex, Slatersville, R.L, 
$-139, 1968, 


SK 


is flat within 3 dB from about 30 to 10,000 
Hz.—R. D, Gold and J. S. Sondermeyer, De~- 
signing Silicon-Transistor Hi-Fi Amplifiers, 
Electronics World, Nov. 1966, p 47-50 and 
80-81. 


connection of Ql and Q2 is combined 


over 10-Cps Bandwidth, “400 Ideas 


den Book Co., N.Y., 1964, p 21—22. 


13 2L1MA 
Vas 1.55V 
Tror = |.65MA 


Rereset 7 TYP. 4KQ 


10-HZ BANDWIDTH AT 400 HZ—Darlington 


with 


bridged-T network to give bandpass ampli- 
fier in audio range. Gain is over 30 dB.— 
P. Fung, Audio Frequency Amplifier Responds 


for 


Design Selected from Electronic Design,” Hay- 


AUDIO AMPLIFIER CIRCUITS 


2N1307 


1a 2.2K 


1N4002 


+45V. 


156H50 


lO hy OUTPUT 


~—-0 -15V. 


15-W QUASI-COMPLEMENTARY—Provides hi- 
fi performance for mono or in pairs for 
stereo, while requiring only npn transistors 


in output stage. 


Fet serves as high-input- 
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100 W PER CHANNEL—Intermodulation dis- 
tortion is below 0.3% at any power level, 
and total harmonic distortion below 0.5% 
from 20 to 20,000 Hz. Latching diode circuit 
is used ahead of power stage to disconnect 
it from driver when instantaneous voltage 
across output terminals is greater than 15-V 
supply voltage of driver. Power stage effi- 
ciency is 78%,.—‘Silicon Power Transistor 


Handbook,” Westinghouse, Youngwood, Pa., 
p 6-17. 


+40V 


TIP24 


750 pF 
+ 


220 


impedance preamplifie.—D. £. Lancaster, 
Plastic Power Transistors—Advantages and dove gare 
Applications, Electronics World, Feb, 1968, p 06% 
50-52, 
OluF 
+9V 
pF 510k2 G) ® a 
INPUT © mm f | 
| | 
= CA3020 l 
7) | \ 
5k 0 | | 
@ 6 Le ot 
= v6 Le. 68K 
RCA 111113 
Sel due IZ0NSPEAKER TYPE 
{i+ OR EQUIV 


310-MW IC TRANSFORMERLESS—Can be used 
with most a-m and f-m detectors, because full 
power is developed for 45-mV input voltage. 
Total harmonic distortion is only 1%.—“Linear 
Integrated Circuits,” RCA, Harrison, N.J., IC- 
41, p 272. 


{Op 


{v SUPPLY | SUPPLY 


TYPE 
2N3393 


CLASS-B COMPLEMENTARY-SYMMETRY POWER 
AMPLIFIER—Book gives detailed design pro- 
cedure for overcoming bias dissipation. 


Storage effects are reduced as result of re- 


verse bias provided for OFF transistor by ON 
transistor in comelementary symmetry.—Sili- 
con Power Circuits Manual,” RCA, Harrison, 
N.J., SP-51, p 402. 
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SHIELD 


C1 4-W WIDEBAND AMPLIFIER~Bandwidth is 100 
1 MF q kHz and minimum power output 2 W. Beta 
10V product of Q4-Q6 and QS-Q7 complementary 


pairs should be matched to give low d-c offset 
at amplifier output and minimize distortion. 
At 4-W output, response is flat within — 1 dB 
from 45 Hz to 100 kHz. Distortion limits are 
more than adequate for hi-fi applications. 
Can be used as d-¢ amplifier with excellent 
stability if C1 and C2 are shorted out.--“Semi- 
conductor Power Circuits Handbook,” Moto- 
rola, Phoenix, Ariz., 1968, p 5~30. 


2N3735 


“12V 
~~) 


+12 300ma 


R3 
0,68/1w 


OUTPUT 
2N301 / 2N2869 


1-W 1C WITH OUTPUT TRANSFORMER—Trans- 
former was selected to provide correct im- 
pedance ratio and d-c resistance required for 
biasing. Harmonic distortion is 5% at 1 W LK a 
and much less at lower output. Input im- 

pedance is 1.1K.—M. L. Deschler, Integrated 
Circuit Audio Driver Amplifier, Mallory, Indi- - 
anapolis, Ind., APPN-1, 1968. T1 StancorTA 41 


0 +50V 
.7A 


ALL RESISTORS |/2 WATT 


DI, D2, 03, 04, 
D5, D6-1N4154'S. 


OR DHDBOO'S 
C3 4 
20uf =- Q4 
20-W PUSH-PULL CLASS AB~Uses capacitive SOV (27C1) 
coupling to load in place of output trans» 4205 
former. Intermodulation distortion is below RIS C6 


1.5% at 20 W.—Dwight V. Jones, Silicon 


Power Transistor Amplifier Circuits with High -—p-——-—0 2.2 
Performance at Low Cost, General Electric, 
Syracuse, N.Y., No. 90.79, 1969. 
; 2 
oy Q5 * ouTPUT 
20yf acs. 
I5V 
INPUT RIS LCE 
272 oy ee} 
© ——} o 
RI2 ied 
33K 
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O+40V 
220 pF 


15-W SILICON POWER—Quasi-complementary 
TERR 6.2 ko 5.9k2 2N5449 circuit has flat response within 0.5 dB from 


S\ 100 pF ( (er 10 to 50,000 Hz. Provides rated output 
CH & power for 850-mV input.—"Preferred Semi- 


si tL sue, Us, Ly conductors and Components,” Texas Instru« 
“T  50V 27kR ments, Dallas, Texas, CC101, 1968, p 1702A. 
15k2Q 122 


‘ 
tL 100 ue, . 200 
2k 4.7 kQ sear. hay, 2pN100 pF 2N5447 Sov 


Ttss8 = dee ie i“) 
° G) ° MS) f) 2 


272 ? 
- 
tuo $470.0 | 18k2 100 uF. 


au T 2400 ie VGkQ 122 
| 


os WOKE _| 


+25V 
0-100 
ft-c 

Pa 100K OUTPUT 
SOUND-ON-FILM HEAD—Uses silicon photo- 
voltaic sensor producing 26.7 uA output at 
0 Hz and 21.3 “A at 20 kHz, boosted by 
preamp to 1.8 V p-p at 20 Hz and 1.2 V p-p Ri 
at 10 kHz. Output is linear within 3 dB from 100K 
— 40 to 75 C.—Light Sensor and Preamplifier, 
Electronic Design, Feb. 3, 1964, p 44. loon 


MINIMUM-COMPONENT IC HEARING AID~ 
Uses TAA370 IC delivering 0.9 mW to 600-ohm 


earpiece. Volume control is simple rheostat. - 
Frequency response is down 3 dB at 100 and ARAN 
20,000 Hz.—The Amperex TAA 370 as a _ 
Hearing Aid Amplifier, Amperex, Slatersville, 
RL, 5-139, 1968, 
33 L5SMA 
Vp il3v 
C4 Itor = /.85MA 


R PRESET * TYP 7KQ 
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10 W FOR 8 OHMS—Direct-coupled class-B 
complementary-output amplifier has less than 
1% distortion from 20 to 20,000 Hz, with 
response no more than 0.3 dB down over this 
frequency range at 1-W output level. Input 
impedance is about 10K.—’Semiconductor 
Power Circuits Handbook,” Motorola, Phoenix, 
Ariz., 1968, p 5-37. 


RIO 
3KS 


1.5-MW IC HEARING AID—Uses TAA370 IC 
driving 300-chm earpiece. Total battery 
drain at 1.3 V is 2.85 mA. Volume control 
is conventional continuous type. Report in- 
cludes graphs showing how performance 
varies with voltage and temperature.—The 
Amperex TAA 370 as a Hearing Aid Amplifier, 
Amperex, Slatersville, R.I., 5-139, 1968. 
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10uF,10V 


1N4001 


45% 


Q?7 
2N3740 


25 Vv 
io a6 >= = 
2N3740 


1N4001 aera ee 
a 2N4231 
aa aw 
02 


2Na903 ls 


+ +O 


wav 


“RBB - AS REQUIRED TO GIVE 15 30 MILLIAMPS QUIESCENT CURRENT IN G7 AND 8. 


Ig= LOMA 
Vgel3v 
Iror? |.85MA 


Rpreser: TYP 7KQ 


Rio 
IKS 


0.9-MW IC HEARING AID—Uses TAA370 IC 
driving 600-ohm earpiece. Frequency re- 
sponse is flat within 3 dB from 150 to 30,000 
Hz. R10 is 3.3K.—The Amperex TAA 370 as 
a Hearing Aid Amplifier, Amperex, Slaters« 
ville, RL, $-139, 1968. 


13+2.5MA 
Vg 2l3V 
Troy? 2.85 MA 


Rpreset ) TYP 4KQ 


AT =8amA 
TO TAA-293 


+31¥ DC 


AUDIO AMPLIFIER CIRCUITS 


O +15V 


BOOSTER FOR PREAMP—Provides additional 
18 dB of gain, or about 4 V output for input 
of 0.5 V from preamp, Amperex A104 tran- 
sistor may be replaced by any silicon npn 
type with beta over 150.~D, R. Pryce, Inte- 
grated Circuit Equalized Preamplifier, Elec- 
tronics World, July 1968, p 29 and 73. 


4.5-W IC WITHOUT A-C FEEDBACK—Uses 
Mallory MIC0201 1C audio driver with output 
transistor, Input impedance goes up to 18K 
without a-c feedback, in tradeoff for reduced 
bandwidth of 30 to 10,000 Hz. Used in low- 
cost auto radios and tape players—M. L. 
Deschler, Integrated Circuit Audio Driver Am- 
plifier, Mallory, Indianapolis, Ind., APPN~1, 
1968. 


HEAT SINK 


1N673 


AT =10mA 


RECOMMENDED 
LOAD (RTE 47k 


ONE CHANNEL OF 
STEREO CARTRIDGE 
ASTATIC =17 


MODULATED SERIES REGULATOR—With C2, R3, 
R4, and 600-ohm source added, basic series 
regulator for d-c output of power supply be- 
comes audio amplifier providing gain of 20, 
with cuto% at 20 kHz. Frequency response 
falls off below 1 kHz because of C2, but can 
be extended to d-c if C2 is shorted, R3 is 
made larger, and larger modulating voltage 
is used for base drive to Q3.—R. L. Starliper 
and R. D. Clement, Modulated DC Voltage 
Regulator, EEE, Feb. 1970, p 114. 


DARLINGTON IC AUDIO PREAMP—Response 
is flat within 2 dB from 40 to 12,000 Hz. 
High input impedance makes circuit ideal for 
ceramic cartridges or microphones, Output 
reference level is 1.9 V.—D. V. Jones, Audio- 
Frequency Integrated Circuits, Electronics 
World, July 1968, p 54-56. 


+12Vde 


650ma 


R3 0.6882 
+Vce 


2N 1520 or Equiv. 


ck (A.C. FEEDBACK) 
é 


SUPPLY 22V ae, 
1-W iC OUTPUT—Delivers 1 W into 22-ohm 
load at 10% distortion, fom 55 to 15,000 Hz. 
Can deliver up to 2 W but with lower fidelity, 
provided external heatsinking is added to 
heatsink tab on 1C, External components 
shown serve chiefly to prevent parasitic oscil- 
lation, Ideal for intercoms and other aver- 
age-fidelity applications —D. £,. Lancaster, 
Audio Integrated Circvits—What's Available?, 
Electronics World, Oct. 1967, p 34~36. 
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0.5-MW IC HEARING AlD—Uses TAA370 IC 
driving 1,000-ohm earpiece, and circuit com- 
ponents giving frequency response that is 
down 3 dB at 200 and 8,000 Hz. R13 is 2.2K 
and R10 is 1.5K.~The Amperex TAA 370 as 


MANUAL 


RIS 
2k2 


T32 750UA 
Vp2h.S5V 


Itor= IMA 


a Hearing Aid Amplifier, Amperex, Siatersville, 


RL, 5-139, 1968. 


AG INPUT 

ein 

0-10 MV 
300-3000 CPS 


4.7K 


CONTROL 
INPUT, &c 
0-25 VDC 


40K 


1-W IC AMPLIFIER—IC drives speaker directly, 
with minimum number of additional compo- 


nents, Input may be from ceramic phono 
pickup or from detector in portable radio. 
Total battery drain is 150 mA just before 
clipping, and 180 mA at full output with 10% 
distortion.—A. M. Peters, TAA300 Integrated 
1 W Class B A. F. Amplifier, Philips, Pub. 
Dept., Elcoma Div., Eindhoven, The Nether- 
lands, No. 136, 1969. 


Rpr 


RIO 
iKS: 


+28V 


OUTPUT gg 
Co? 4408jn (I- 3) 


INTERCOM REMOTE GAIN—Control signal of 
0 to 25 V dec changes voltage gain of two- 
stage audio amplifier from 440 to 0. Control 
is linear within 2% and distortion is negli- 
gible—P, Cooper, External Signal Controls 
Audio Voltage Gain, Electronic Design, Aug. 
31, 1964, p 48. 
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1-W TRANSFORMERLESS AUDIO AMP—Fre- 
quency response is flat within 3 dB from 100 
to 20,000 Hz. Has good d-c stability while 


using minimum number 
“Transistor Audio and Radio Circuits,” Mullard 
Ltd., London, 1969, p 35. 


4. a ¥ 


of components.— 


AUDIO AMPLIFIER CIRCUITS 


1-W IC AMPLIFIER—Will amplify signals up to 
300 kHz. Total harmonic distortion from 20 
to 20,000 Hz for 1 W into 1é-chm lead, with 


260 pF voltage gain of 10, is typically 0.4%, and for 
In ai 4OV 8-ohm speaker is 1% at 1,000 Hz.—"Semicons 
re ductor Power Circuits Handbook,” Motorola, 
MC1554 Phoenix, Ariz., 1968, p 5~28, 
aS K 4 uF 8. sPK 


4.5-W IC WITH SHUNT FEEDBACK—Uses Mal- 
fory MICO201 IC audio driver with power 
output transistor to deliver rated output at 
10% distortion, for use in low-cost auto 
radios, tape players, and other mobile equip- 


+12 VDC 650ma 


R3 0,682 


OUTPUT 


ai 2N1630 or Equiv. 


—AKy 
R2 47K oka 1.80 


ment. Response is 3 dB down from 30 to -R 
20,000 Hz at 3 W output.—M. L. Oeschler, Inte- i AL. 408 
grated Circuit Audio Driver Amplifier, Mallory, 1 i 
Indianapolis, Ind., APPN-1, 1968, Zn =Py +o Li 35 mhy | 
THA, {open loap) 
427 
—O 
a3 c7 
MM4008 77S 0.1 BF 
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£8% J 46% RB 
fol WA 4. —) 
c2 = 2.7k +27 
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35 W FOR 8 OHMS—Has less than 0.1% 
total harmonic distortion and less than 0.2% 
intermodulation distortion at full power out- 


put, with 3-dB bandwidth of 10 Hz to 100 
kHz, Book gives changes required in values 
to boost output to 60 W. Diodes provide 


load-fault protection.—Semiconductor Power 
Circuits Handbook,” Motorola, Phoenix, Ariz., 
1968, p 5-45, 
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TYPE 
IN3I95 
46V(AT 14 DC) 
3.3K 52 V(AT ZERO SIGNAL) 


ELECTRONIC CIRCUITS MANUAL 


10K 
VOLUME 


25-W AMPLIFIER WITH CURRENT LIMITING— 
Diode biasing network establishes fixed cur- 
rent limit on driver and output transistors 
of quasi-complementary amplifier.—’Silicon 
Power Circuits Manual,” RCA, Harrison, N.J., 
SP-51, p 409, : 


7-W CLASS-B AMPLIFIER WITH 1C—Low-cost 
sintegrated circuit drives two-transistor single- 
ended output stage through coupling trans- 
fomer.—D, E. Lancaster, Audio Integrated 
Circuits—What’s Available?, Electronics World, 
Oct. 1967, p 34~36. 


RATIO 


DETECTOR 1 ¢ SIO ke 
OUTPUT 
—— © 
5K —@— 


545-MW IC OUTPUT—With change in output 
transformer, wideband IC amplifier may be 
used to drive 8-ohm or 16-ohm_ speaker. 
Input of 45 mV gives full power output. De- 
veloped for use with portable f-m radio.— 
“Linear Integrated Circuits,“ RCA, Harrison, 
N.J., IC-41, p 273. 


ARGONNE 
TYPE 174 
OR EQUIV. 


SO W FOR 8 OHMS—Low-cost 1N4728 zener at 
collector of Q1 limits applied voltage, allow- 
ing use of low-cost plastic-encapsulated tran- 
Frequency 


sistor. 


f 


TF 
1A 
ray 
Ir GOH 
‘ome 
Tl 
- 
AF 
OUTPUT 
8 OHMS 


STABILIZING OUTPUT STAGE WITH BARRE- 
TERS—Arrangement shown is used in each 
channel of transistor stereo amplifier, with bar- 
reters serving to stabilize operation and pro 
tect transistors. Barreter lamps I1 and 12 
are Tung-Sol CEI01, whose resistance in- 
creases exponentially with current from 0.2 
ohm until burnout at about 1.5 A, Barreters 
thus serve as fuses.—Using Barreters for Sta- 
bilizing an Output Stage, Electronic Design, 
dune 8, 1964, p 68. 
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14728 50 
+25 .V 
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2wW polar 
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2N3766 
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2N3740 


R13 
202 
1W 


as 
2N3714 


° 
~35 V 


OQ -25 V 


*RBB — AS REQUIRED TO GIVE 20-40 MA QUIESCENT CURRENT IN Q7 AND QB. 


response and distortion 


“Semiconductor 


meet requirements for hi-fi applications.— 
Power Circuits Handbook,” 
Motorola, Phoenix, Ariz, 1968, p 5-49. 


AUDIO AMPLIFIER CIRCUITS 


50-W = QUASI-COMPLEMENTARY—Ideal for 
either monaural or stereo applications. Fre- 
quency response is flat within 1 dB from 15 
Hz to 100 kHz at rated output. Total har- 
monic distortion is less than 0.1% at 1 kHz up 
to rated output, and intermodulation distor- 
tion less than 0.2% at 60 Hz and 6 kHz up to 


rated output, 


Differential amplifier at input 


keeps output at d-c ground by compensating 


bias of output silicon power transistors. 


Q4 


is RCA 40409 and Q5 is RCA 40410.—Direct- 


Coupled 50-Watt Audio Amplifier, 
Radio, Kokomo, Ind., No. 43, 1968. 
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4-W IC POWER AMPLIFIER—Uses Philips [C 
driver to feed complementary output stage. 
Both d-c and a-c feedback are applied to 
input differential amplifier in 1C. Circuit in- 
cludes stabilization against supply voltage 
fluctuations. Will operate with supply be- 
tween 10 and 18 V.—Complementary Output 
Stages Driven By the TAA435, Philips, Pub. 
Dept., Elcoma Div., Eindhoven, The Nether- 
lands, No, 18, 1968. 
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TRUE-COMPLEMENTARY-SYMMETRY AMPLIFIER 
—Basic circuit can be used for nine different 
audio amplifiers in power output range of 3 
to 20 W. Frequency response is flat well 
beyond 20 kHz for each, with total harmonic 
distortion of 1%. Operation approximates 
that of true class B amplifier. Book gives 
parts values and supply voltages for each 
combination of power output and transistor 
complement.—“Silicon Power Circuits Manual,” 
RCA, Harrison, N.J., SP-S1, p 411. 
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+46V (385 mA at !2 1/2W) 
Ig=3.5mA 


NOTE: 
ALL RESISTORS |/2 W 
Z t 
Di, D27DHD800's = 19.5. QUASI-COMPLEMENTARY PUSH-PULL 
D3, D4;DHDBOS s —Delivers full power to 16-ohm load for 1.1- 
V input signal. Total harmonic distortion at 
10 W is less than 0.5% from 25 to 20,000 Hz. 
(0285) 04005 ~Dwight V. Jones, Silicon Power Transistor 
€5,1000uf, 50V Amplifier Circuits with High Performance at 
+) |= NAp-o16 2 oap Low Cost, General Electric, Syracuse, N.Y., No. 
i 90.79, 1969. 
3AG 
FUSE 
Ri 
22 


Rl2.47k 


OUTPUT STAGE BIAS COMPENSATION—Use 
of compensating diode in typical push-pull 
class-B transistor audio stage minimizes 
crossover distortion caused by transistor mis- 
match or by discontinuities at changeover 
point between half-cycles of amplified wave~ 
form. Transistor types depend on power out- 
put desired.—P. Halliday, Bias Compensation 
for Transistor Output Stages, Electronics 
World, Aug. 1967, p 76-78. 


ve 
25pF 15V 
R3 


22KN 


Vv 
0.15-W INTERCOM—May be used as intercom, 


with second 35-ohm speaker used as micro~ 
phone at input. With suitable switching, 
25pF 15V speakers con be interchanged as required for 
P talking or listening at each location. Report 
gives design procedure.—E-Line Transistor Ap- 
plications, Ferranti Ltd., Oldham, Lanes., Eng- 

35. land, 1969, p 50. 

Loudspeaker 


25pF 15) 


CA 25pF 1SV 


CHAPTER 4 


Audio Control Circuits 


3-W WITH BASS AND TREBLE C 


R10 cuts and boosts treble, while R13 con- 
Input transistor is chosen to give 
improvement in bass response and reduce 


trols bass. 


distortion.—“‘Transistor Audio and 
cuits,” Mullard Ltd., London, 1969, 
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Jog. 


ONTROLS— 


Radio Cir. 
p 47. 


+22av 


1 
2200Fs 


OUTPUT TO 
MODULATOR, 
L. RECORDER OR 
= AMPLIFIER 
(OPTIONAL! 


J2 MIKE 
NPU 


Ri 


VOICE-CONTROLLED RELAY—Can be used to 
turn on electrical device at command of voice 
or start tape recorder when sound is picked 
up by microphone. If alarm is connected to 
relay, and R5 adjusted for faint noise, can 


Bass 


Treble 
controt 


Valume 
controt 


control 


also serve as burglar alarm. 1 is TOK Pot+ 
ter & Brumfield PW5LS relay. Both diodes 
are 1N2071,.--R. M. Brown, “104 Simple One- 


TO CONTROLLED 


Power 
supply 


Ci, 4, 5, 8 -.002 mfd 
C2 -S mfd 

C3 -.15 mid 

C6 ~.25 mfd 

lytic 

C7 -.02 mfd 


CIRCUIT 


Ri -500K 
R2 -1.3K 
R3 - 110K 
R4 -620K 
R5 -750K pot 
R6 -3.4 meg 
R7 -15K 


150¥ DC 


Tube Projects,” Tab Books, Blue Ridge Sum- 
mit, Pa, 1969, p 71. 
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10k 825k 825k 8.25k 825k B25k 825k 8.25k 8.25k TRANSISTORS: NPN-2N2484 
INPUT PNP - 2N4249 
20k 21k 2tk 2.1k 10k DIODES! 1N659 
33k 
A 
cAL] 20) 40) 60} sol ank 
OUTPUT 
PAT 
3 8 
10k ATTEN 1 
STEP cw V2kS aM 
c-w 30pt 
- Vv 
2k 
400k | | ATTEN 100k 
ae ak OFFSET 
10k i — + 
| 1 SS 
{ \ 
2k POLARITY 
SYNC 
+V 


FAST-ACTING ATTENUATOR—Will shift level 
of audio signal in less than 10 us, to give 
up to 80 dB of attenuation in audio ampli- 
fier. Incoming signal is split between ladder 
attenuator and straight-through 6-dB loss net- 
work. Dual fet acts as spst switch for select- 


250k 


1€ TONE CONTROL—Uses 


Fairchild “A709 


ing either channel to drive astable mvbr fol- 


lowed hy inverters Q4 and Q5. Rate of 
astable can be either 1.2 or 5 s per sample. 
Signal from fet goes to opamp providing 
voltage gain of 6 dB to 50-ohm load. Sync 
output gives 16-V pulses with 10-us rise time. 


MERCURY 
BATTERIES 


Use of battery supply isolates circuit from 
line noise. Can be used to measure response 
of agc networks.—T. E. O’Brien, Automatic 
Attenuator Rapidly Changes Signal 
Electronics, Sept. 15, 1969, p 120. 


Level, 


+18V. 


100nF 


or National LM709 IC opamp as unity-gain 


inverter when both pots are at mid-positions. 
At maximum positions, provides about 20 dB 
of attenuation or hoost at low and high fre- 
quencies.—S, L. Silver, IC Op Amps Boost 
Audio Circuit Performance, Electronics World, 


Sept. 1968, p 30-32. 


S700 


BCl48 
or BCi08 


mon 12K collector load resistor. 
pedance is 2.5 meg, output is 70 ohms, volt- 
age gain is unity, and distortion is 0.5% for 
2 V output.—“Transistor Audio and Radio Cir- 


aciaa 
‘on BC1O8 


TWO-INPUT MIXER—Input transistors use com- 


Input im- 


cuits,” Mullard Ltd., London, 1969, p 126, 


AUDIO CONTROL CIRCUITS 


PHONO TONE CONTROL—Provides separate 
bass and treble controls for phonograph using 
crystal or ceramic cartridge. Input mosfet 
Q1 is connected as source-follower amplifier 
providing extremely high input impedance to 
avoid loading transdurer.—C, R. Perkins, “Ap- 
plication of MOSFET Devices to Electronic Cir- 
cuits,” Hughes, Newport Beach, Cal,, 1968, 
p 5. 


CRYSTALS 
OUTPUT §9 


ang 


To other channel 


BALANCE CONTROL-—When used in each 
stereo channel, permits varying voltage gain 
in both channels by 6 dB in opposite direc- 
tions. Control potentiometer is in feedback 
circuit.—Transistor Audio and Radia Cir- 
cuits,” Mullard Ltd., London, 1969, p 129. 
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FOUR-INPUT AUDIO FET—High-quality yet in- 
expensive fet connects four high-impedance 
audio sources to single amplifier input. 
Article gives construction details.—"Field Ef- 
fect Transistor Projects,” Motorola, Phoenix, 


8.2k 


8.2k 


E coswt 


[<S¥ 59) 


OFFSET i 
AOJUST ‘ 


= -i5v 


DOUBLING 10 KHZ—Motorola monolithic mul- 
tiplier gives second harmonic directly when 
two equal cosine waves are applied to in- 
puts X and Y. A-c coupling removes d-c 
term. Dynamic range of input is 5 Vp-p. 
Doubled output frequency has less than 1% 


Ariz., 1966, p 26~34, 


Vog = t15¥ 


t—. wt cos 2wt 
o 20 


Eon 


distortion even without filtering. Will oper- 
ate well above 200 kHz.—E. Renschior and 
D. Weiss, Try the Monolithic Multiplier as a 
Versatile A-C Design Tool, Electronics, June 
8, 1970, p 100-105. 
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tN PUT 


78-DB RANGE~—Wideband audio limiter, built 
around RCA IC opamp, delivers clean sine 
waves below limiting threshold and sym- 
metrical square waves for higher input volt- 


Crosstalk = ~gooB (600. Sources) 
Ri 


Goin= -1 y E, = +22 08M 


20-CHANNEL MIXER—Active mixer using 
Model 425 !C opamp connected for unity gain 
has ne insertion loss, because negative input 
summing point is driven to virtual zero. Up 
to 20 input channels may be used. Output 
voltage across 600-chm load is 22 dBm.~B. 
J, Losmandy, Operational Amplifier Applicae 
tion for Audio Systems, Opamp Labs, Los 
Angeles, Cal., 1968. 
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OPTIONAL 


FOUR-INPUT AUDIO 1C—Output is about 3 
V p-p on input of 0.3 V p-p from low-level 
microphone or pheno. Optional 10K pot 
and capacitor can be added to each input, as 
shown by dashed lines for input 3. Adjust 5K 
pot for maximum undistorted output.—’Tips 
on Using IC's,” Metorola, Phoenix, 


Ariz, 
HMA-32, 1968, 


MANUAL 


i 
rs QUTPUT 


Ry 
(1k 


ages. 


Limiting begins at 
Can handle up to 6 V p-p. 
distortion is 0.3% over dynamic range of 54 
dB, and 2% for 78 dB.~-R. Glasgal, Low- 


0.4 mV_ input, 
Second harmonic 


~“4y 


Distortion Limiter Uses IC Operational Am- 
plifier, Electronics, October 14, 1968, p 120— 
121, 


+18V 


oY 
WOOK. 
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68kN Ska 
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150k 


SOUND SOURCE WIDTH CONTROL—Ganged 
controls give effect of moving stereo sound 
pickup microphones continvously between in» 
phase crosstalk of 100% (corresponding to 
monophonic recording}, and anti-phase cross- 
talk of 24%, Greater anti-phase crosstalk is 


4 t8¥ 


unnecessary because sound impression falls 
apart and effect becomes that of two inde- 
pendent sources rather than steree. Chan- 
nels are balanced with 5K preset pot.—Tran- 
sistor Audio and Radio Circuits,“ Mullard Ltd., 
London, 1969, p 134. 


AUDIO CONTROL CIRCUITS 


TRIPLER FOR 400-HZ SOURCE—~Simple pulser 
feeding tank network delivers equal-energy 
pulses at triple-frequency rate to provide 
good 1,200-Hz sine-wave output with no 
fundamental-frequency modulation, Values 
of RI, R2, Cl, C2, and C3 may be chosen 
for any other standard audio frequency. 
Article gives detailed description of circuit 
operation, along with design equations.—J. 
B, Messmer, Precise Frequency-Tripler Uses 
400 CPS Standard Source, Electronic Design, 
Nov. 22, 1965, p 61-62. 
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20-DB AUDIO COMPRESSOR—Uses Model 4009 
IC opamp in circuit having adjustable attack- 
time and release-time pots. For most appli- 
cations, RA is set for attack time between 10 
vs and perhaps 20 ms, while RR is set for 
release times somewhere between 20 and 200 
ms, FET is inside electronic feedback path 
and automatically adjusts gain of amplifier 
as function of output voltage. At low sige 
nal levels, gain is about 10.—B. J. Losmandy, 
Operational Amplifier Application for Audio 
Systems, Opamp Labs, Los Angeles, Cal., 196B. 


Boost = +2008 
Cuts - 2008 


at roKc { 


TREBLE CONTROL—Uses Model 4009 IC opamp 
to provide wide range of treble boost and 
cut, with turn-over frequency of about 800 
Hz for values shown.—B, J. Losmandy, Opera- 
tional Amplifier Application for Audio Sys- 
tems, Opamp Labs, Los Angeles, Cal., 1968. 
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ACTIVE TONE CONTROL—Operates with fre- 
quency-dependent feedback network between 
collector and base of tone-control transistor. 
At 30 Hz, control range is --22 dB to 19.5 dB, 
and at 20 Hz is —19 dB to 19.5 dB, Fre- 
quency response is flat when both pots are 
centered,—"Transistor Audio and Radio Cir- 


Cutput 


cvits,’"’ Mullard Ltd., London, 1969, p 131, 


Rg INPUT 
TERMINALS 


C, C2 = 10 microfarads, 15 volts, 
electrolytic 
Cs = 0,1 microfarad, 25 volts or 
greater 
C, = 10 to 100 microfarads, 12 volts, 
electrolytic, to increase release 


time 
CR, CR: CRsCR, «= silicon rectifier, 
RCA SK3030 
CRsCRe = silicon rectifier, type 
IN34A 
F, = fuse, 125 volts, ampere rating 
depends on load 
Q: = transistor, RCA SK3005 


SOUND-OFPERATED SWITCH—Will turn on load 
up to 1 kW for as long as sound or noise 
signal fed to input by microphone and pre- 
omp remains above predetermined level set 
by RI, Release time can be increased by 
adding capacitor (up to 100 4F) between 


,2) 


Ri = potentiometer, 5000 ohms, 2 
watts, linear taper 
RaRs = 4700 ohms, 2 watts, 10% 
Rs = 2700hms, 1/2 watt, 10% 
Rs = 470 ohms, 1/2 watt, 10% 
Si = switch, 125 volts, 15 amperes, 
single-pole, single-throw toggle 
SCR: SCRe = silicon controlled 
rectifier, RCA 
KD2100 


emitter and collector of Q} so switch does 
not open for momentary interruptions in 
sound such as between syllables of speech. 
—“Hobby Circuits Manual,’ RCA, Harrison, 
NJ. HM-90, p 164. 
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SIGNAL 
INPUT 


VOLUME COMPRESSOR—Mosfet acts as var- 
iable resistance shunting audio line, with in- 
creasing signal level causing resistance to 
decrease and thereby provide compression, 
Audio signal itself develops negative voltage 


‘fies 


at mosfet gate, eliminating need for power 
supply for compressor. With —3 V on gate, 
mosfet resistance is above 10K, dropping to 
300 ohms for —10 V. Turns ratio of T1 
should be at least 20:1, to step up signal level 


SOUND-CONTROLLED 


OSCILLATOR—Ceramic 
contact microphone or phono pickup connected 
between gate and cathode of scr oscillator as 
shown will respond to vibrations produced 


FROM 47 of 
I-F 

OUTPUT 
STAGE 


SQUELCH 
SENSITIVITY 


R2 
500K 


470 8B tL 
SPEAKER OR 
EARPHONES 


on floor or wall by footsteps or other sound- 
producing source, to give alarm sound from 
speaker.—“Hobby Manual,” General Electric, 
Owensboro, Ky., 1965, p 126. 


—10v 


HRN8318D 
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SIGNAL 
OUTPUT 


enough to operate mosfet. Clamping diode 


is integral part of mosfet.—C, R. Perkins, 
“Application of MOSFET Devices to Electronic 
Circuits,” Hughes, Newport Beach, Cal., 1968, 
p 14. 
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BASS CONTROL—Uses Model 4009 IC opamp 
to provide wide range of bass boost and cut, 
with turn-over frequency of 1,600 Hz for 
values shown. L-C circuit between arm of 
pot and ground resonates at 50 Hz.—B, J. 
Losmandy, Operational Amplifier Application 
for Audio Systems, Opamp Labs, Los Angeles, 
Cal., 1968. 


FET GATES SPEED SQUELCH—Use of fet as 
voltage-controlled resistor minimizes inter- 
action of control and signal circuits, to give 
very short turnon and turnoff times and no 


clicks, Schmitt trigger Q1-Q2-Q3 has low 
hysteresis, Required i-f trigger amplitude is 
set by Rl. Fet resistance of 250K with Q3 


off drops to 500 ohms when Q3 is on, With 
0.1-2F output capacitor, squelch operation is 
fast and reliable for signals with amplitudes 
equal to noise peak.—D. A. Tong, Squelch 
Acts Faster with FET Gate, Electronics, March 
17, 1969, p 96, 
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SIMPLE SQUELCH—Can be easily added to 
practically any a-m receiver between detector 
and input to audio amplifier. Setting of IK 
pot determines amount of squelch when SI is 
closed.—‘Electronic Circuits Handbook,” Vol. 
If, Cowan Pub. Corp., Port Washington, N.Y., 
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bility for temperature changes and varying 
transistor parameters. Squelch gate removes 
bias from output stage. Power output is 2.5 
W, power gain 87 dB, current drain 550 mA, 
and harmonic distortion 2% at 1 kHz.—A. T. 
Lehmann, Squelch Gate Reduces Amplifier's 
Standby Drain, Electronics, Dec. 9, 1968, p 83. 


5AB-B 


42k 5600 


100 uf 


1966, p 38. 
SQUELCHED AUDIO GATE—Three-stage direct- 
coupled amplifier has single-ended output and 
squelched audio gate using 2N3638, for po- 
lice, emergency, and other receivers operating 
in standby or squelched condition most of 
the time. Current drain is fraction of mA 
when squelched. D-c feedback gives sta- 
GATE 

. INPUT 

REMOTE AUDIO SWITCH—Applying +72 V 

to gate input fires neon VI, making it pro- 

vide low-impedance path for practically all 

of audio spectrum. For 300-3,000 Hz com- 

munication channel, smaller capacitors can 

be used.—W. G. Miller, “Using and Under- 

standing Miniature Neon Lamps,“ H. W. AUDIO 

Sams & Co., Indianapolis, Ind., 1969, p 75. IN 1OuF 

100V 
400k 
C, 


30-DB AMPLITUDE COMPRESSOR—Inexpensive 
circuit controls gain of audio amplifier over 
large dynamic input range by making input 
signal vary source-drain resistance of fet. 
Used to provide essentially constant amplifi- 


cation for wide range of signals picked up 
by acoustical transducer. Both input and out- 
put impedances cere 600 ohms.—D. L. Pippen, 


Qs 
2N3702 


Audio Amplifier Compresses Input Signal by 
30 Decibels, Electronics, Jan. 9, 1967, p 105~ 
106. 
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Centre-zero 


AANIS meter AAS 
44s 
Loudspeaker Loudspeaker 
Ry c Re Ce 
47K lOOpnF 4-7k2 $00 pF 
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SPEAKER BALANCE METER—Value of R3 is 
selected to suit current rating of zero-center 
meter and output of amplifier; typical value is 
10K for 1-mA meter. Used to balance the 


AN3BA 


Am 


2.5K 
SOUELCH 


DETECTOR WITH SQUELCH—Circuit is designed 
to replace conventional detector of a-m re- 
ceiver, Diode types are not critical, but all 
three should be the same. Noise limiting is 
achieved primarily with diode connected 
through capacitor to center of 2K pot. 
Squelch threshold is set by 2.5K pot.—’Elec- 
tronic Circuits Handbook,” Vol. 4, Cowan 
Pub, Corp., Port Washington, N.Y., 1966, p 
38. 


10k 


SIGNAL 
INPUT 


VOLUME COMPRESSOR—Mosfet acts as var- 
jable resistance, changing from several hun- 
dred ohms to several million ohms depending 
on value of negative voltage at its gate ter- 
minal. With --3 V, resistance is above 10K, 


AF Output 


two outputs in a stereo system. Capacitors 
serve to damp meter movement.—“Transis- 
tor Audio and Radio Circuits,” Mullard Ltd., 
London, 1969, p 183. 


INPUT 
AC or DC 


AUDIO-ACTIVATED RELAY—Used to detect 
audio signals and energize relay to feed 
signals to telephone tine or tape recorder. 
Input mosfet provides very high input imped- 
ance, permitting use of high values for time 
constant circuit R1-C1; typical values are 1 
meg and 0.01 uF, giving 1-ms delay in ener- 
gizing relay, to avoid triggering on noise 


SIGNAL 
OUTPUT 


RN8318D 


0,01 TO 


O.47BF 

= = 
and with 10 V it is 300 ohms. Signal 
source provides required bias, Transformer 


turns ratio should be at least 20:1.—C. R. 
Perkins, Volume Compressor Needs No Power 
Supply, Electronic Design, Dec. 20, 1967, p 110. 


MANUAL 


RIAA EQUALIZATION—Uses Model 425 1C 
opamp in network giving standard equaliza- 
tion for LP records. Simpler network at right 
will serve for less critical applications. Large 


capacitor may be electrolytic because voltage 
across it is few millivolts as summing point 
of opamp is driven to virtual zero.—B. J. Los+ 
mandy, Operational Amplifier Application for 
Audio Systems, Opamp Labs, Los Angeles, 
Cal., 1968, 


V = ~6V to ~24V 


Attack time constant, A= R1C1 
Decay time constant, D = ReiC2 


spikes and other high-frequency signals. 
Time for relay to drop out after audio signals 
cease is determined by C2 and inductance of 
relay. With 100 xF for C2, delay is 2 s.— 
C. R. Perkins, “Application of MOSFET De- 
vices to Electronic Circuits,” Hughes, Newport 
Beach, Cal,, 1968, p 36. 


22K 


ANNUNCIATOR INDICATOR—Neon indicates 
which of several remote speakers in com- 
munications system is active. Transformer is 
a-f output transformer wired backwards.—E. 
Bauman, “Applications of Neon Lamps and 
Gas Discharge Tubes,” Signalite, 


Neptune, 
N. J., p. 132. 


NOTE: To locate additional circuits in the category of this chapter, use the index at the back 
of this book. Check also the author's “Sourcebook of Electronic Circuits,” published by 


McGraw-Hill in 1968. 


CHAPTER 5 


Automatic Gain Control Circuits 


1,000:1 GAIN RANGE—Insulated-gate fet in- 
creases controlled gain range to about 60 
dB. Opamp Al is connected noninverting to 
prevent loading of variable attenuator R1- 
R2-Q1. Output is full-wave rectified by A2 
and fed to A3 along with reference from 2K 
output-level pot. A3 integrates sum and 
applies it to Q1 to complete feedback loop. 
Clamp cirevit around A3 prevents saturation 
by zero or overload input signals,—E. Guen- 
ther, MOS-FET Provides 60-dB Dynamic Range 
Low-Frequency AGC Circuit, EEE, Nov. 1969, 
p 107. 


E 


ae 


Model 4029/25 
Multiplier 


MULTIPLIER MODULE FOR AGC~Burr-Brown 
4029/25 quarter-square multiplier-divider is 
combined with amplifier module to give stable, 
reliable, and accurate age loop for such mili- 
tary applications as stabilizing oscillator sig- 
nal amplitude or holding amplitude constant 


\ Precision Rectifier and Filter 


INPUT [i 100uF 


OUTPUT 
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2N3796 
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ee eee 


+15V [LEVEL 


Le 


[LcLAMP J LINTEGRATOR 


signed for frequency range of 10-500 Hz. 
Amplitude of output signal is converted to 
d-c and compared with reference voltage to 
generate error signal for integrator whose 
output is multiplied by input signal to vary 


100k 
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ZERO [ 
Lxi0e BUFFER AMPLIFIER _J 
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[PO ee ee gh 


{Ok | 
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0.0022 | 
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PRECISION RECTIFIER 
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tft Rnd tae aE “4 
ly 15 High Gain | 
-15V 
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O | 
| 
Haase soe Ss 10K | 
q | 
Vz wlOV 
10 uf iS | 
yo 
' Y | 
10 K \ 1 
5K | 
10k | -~O 
E 
| Eo | © 
O -15 Vde | 
- Amplitude | 
10K Adjust 10K 
Lee a ee ee ad 
while phase angle is varied by filtering. De- gain, Rate of restabilization of loop after 


sudden change in input level depends on 
time constant of integrator and rectifier-filter. 


~—Quarter-Square Multiplier/Dividers,  Burr- 
Brown Research, Tucson, Ariz., PDS-201C, 
1969. 
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58 


pe Ma 
GATE BIAS 
VOLTAGE # Vy, 


SUPPLY 


OUTPUT 


MOS TRANSISTOR AS VARIABLE RESISTOR— 
Provides resistance range of 0.8 to 50,000 
ohms depending on strength of applied sig: 
nal, When used in feedback path of agc am- 
plifier (Q3), gives age range of 3:1. 
signal applied to base of Q! appears at 
emitter of Q2 and is fed back through mos 
transistor Q3 to base of Q1,—H. Ikeda, MOST 
Variable Resistor and Its Application to an 
AGC Amplifier, IEEE Journal of Solid-State 
Circuits, Feb, 1970, p 43~45. 


Input 


ELECTRONIC 


ia > COMMON 


50-DB AGC—Used in Sony portable tv sets 
to handle large input signals without distor- 
tion or overload. Two transistors give far 
greater control range than conventional 
single-stage agc. Q2 amplifies, while QI 


to 3.1 kHz. 


2N3642 


D, it 220k 


Sa 6 
i, 
fv oF 
60-DB RANGE WITH IC’S—Over frequency 
range of 20 Hz to over 10 kHz, output change 
is less than 6 dB for input change greater 
than 60 dB. Signal from voltage divider R1- 
D1-D2-D3-D4 is amplified by first IC opamp 
having gain of 100, rectified by D5-D6, then 
fed back to input through second opamp and 


OUTPUT 


+ 1dv 2.2k tk 
100 = 
Q 1k MANUAL 


i 


buffer Ql. For manual control, switch in- 
serts potentiometer in feedback loop. Input 
signal should be several volts, for maximum 


CIRCUITS MANUAL 


+i2v 


AGC 
VOLTAGE 


serves are variable impedance in emitter cir- 
cuit of Q2 and controls bias of Q2.--Two- 
Stage Gain Control for Portable TV Set, Elec- 
tronics, Nov. 14, 1966, p 171—172. 


LIMITED AGC FOR OSCILLATOR—Ujt compen- 
sates oscillator whose output varies inversely 
with frequency, to keep output essentially con- 
stant at 7-V p-p over frequency range of 2.8 


Operation is based on negative 


resistance characteristic of ujt.—R. $. Hughes, 
Automatic Gain Control Circuit Uses Unijunc- 
tion Transistor, “400 Ideas for Design Selected 
from Electronic Design,” Hayden Book Co., 
N.Y., 1964, p 111. 


22k 


age range.—W. H, Ellis, Jr., AGC Circuit Pos- 
sesses 60-Decibel Gain, Electronics, Dec. 12, 
1966, p 107-108, 


AUTOMATIC GAIN 


{Opt 


t2 
OUTPUT 
OPERATIONAL 
AMPLIFIER 


ADDITIONAL STAGES 
if USED 


GAIN-CONTROL INPUT 


YY UWL. JUL 


20khz 
MEDIUM GAIN 


MEMS1} 


HIGH GAIN LOW GAIN 


tNPUT 
oO 


HIGH-ACCURACY AGC—Arrangement is that 
of multiplier, with input signal multiplied by 
corrective d-c voltage required to keep output 
level constant, Uses two-quadrant 5500 
multiplier with 9302 opamp for this function, 
giving 10 V output level of both polarities. 
Output a-c signal is full-wave rectified, ampli- 
fied, integrated, and its d-c level shifted to 
control multiplier. 1N753A diode provides 
d-c level compatibility.—An Accurate AGC 
Amplifier Using OEl Monolithic Circuits, Opti- 
cal Electronics, Tucson, Ariz., No. 10161. 


IN753A 


FENWAL 510 


GB28u! 


DARLINGTON ATTENUATOR—Provides  elec- 
tronically variable age control of wideband 
amplifier without degrading performance. 
Both transformers have 4:1 impedance ratio. 
Both Darlington transistors are 2N1613. 
Used in CATV.—P, J. Fung, Variable Attenua- 
tor Provides AGC Control, Electronic Design, 
Sept. 28, 1964, p 54. 


CONTROL CIRCUITS 


CHOPPER-CONTROLLED GAIN—Gain of any 
opamp may be varied over 32-dB range by 
varying ratio of OFF and ON times of 20- 
kHz pulse-width-modulated source applied to 
single fet. Resulting chopping of input to 
opamp, at significantly higher rate than upper 
cutoff frequency of amplifier, attenuates input 
signal during pulse ON time while giving 
normal gain during OFF time.—D. E. Lancaster, 
Operational Amplifier Gain Varied by FET 
Chopper, Elecfronics, Oct. 2, 1967, p 98. 


WIDE BAND 


OC CONTROL IN 


59 


60 


ELECTRONIC 


Eww 


CIRCUITS MANUAL 


2.2ph 


2Nnt742 


47k 
+12v 


CONSTANT-OUTPUT LIMITER—Provides con- 
stant output essentially independent of 
changes in input amplitude, without introduc- 
ing phase shift. Limiting begins at input 


Variable Gain Sig. Amp. 


2k: 


OPTIMIZING AGC WITH FET—~Maintains high 
signal-noise ratio with low distortion in low- 
Q audio applications requiring broadband 
control at relatively high signal levels. Uses 
differential gain-control technique with 2,900- 
Hr pilot tone as amplitude reference. Tone 
is fed through comparator to fet chopper, and 
output is filtered for integrating differential 
d-c amplifier. Adjustable age threshold ref- 
erence at other input permits adjusting d-c 
output of amplifier.—H. N. Leighton, An Op- 


level of 9 mV, and circuit holds output level 
constant within 0.06 dB even though input 
level increases 50 dB. Output stage Q6 has 
resonant circuit tuned to 80 MHz and drives 


timized Gain-Contro] Configuration Using the 
Field-Effect Transistor, IEEE Journal of Solid- 
State Circuits, Dec. 1968, p 441-447. 


* ALL CAPACITORS 

IN PICOFARADS 
~{2v 
50-chm or 100-ohm cable. Upper cutoff fre~ 
quency of 100 MHz is limited only by transis~ 
tors used.—R, J. Turner, Transistors Improve 


High-Frequency Limiter, Electronics, Oct. 13, 
1969, p 94. 
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AGC WITH IC MULTIPLIER—Circuit requires 
0-1 V d-c control voltage to provide linear 
gain contro! of 1-V p-p signal at 200 kHz. 
Peak-to-peak value of output is thus exactly 
the same as value of contro! voltage. Gain 
is recovered with IC video amplifier having 
gain of 40.—E. Renschler and DB. Weiss, Try 
the Monolithic Multiplier as a Versatile A-C 
Design Tool, Electronics, June 8, 1970, p 100— 
105. 


OFFSET 


AbyusT Sk a 


S10 


MCI5S36 


ERASING 19-DB SIGNAL SWINGS—A-c gain of 
10—50,000 Hz amplifier is automatically con- 
trolled by error signal that changes dynamic 
resistance of diade DB] in feedback loop. 


TO EMITTER 
FOLLOWER 


0.05pf 


+30¥ 


BOXCAR FOR PULSE AGC—Provides control 
over gain of video amplifier when both 
pulse width and frequency are variable. 
Used to keep amplitude of r-f burst constant 
despite variations in signal amplitude, fre- 
quency, or pulse width, Boxcar circuit is 
sample-and-hold integrator, Output of 
standard emitter-follower is desired age volt- 
age to be applied to controlled amplifier. 
With values shown, circuit will handle inputs 
of 2 to 8 V at 1 to SO kHz and pulse widths 
of 5 to 500 us.—G. P, Klein, Boxcar Circuit 
Provides Pulse Amplifier AGC, Electronic De- 
sign, Sept. 13, 1965, p 83—84. 


Used in system for determining density of 


plasma in microwave cavity. 


100pt 


o as 
3 BC{O? | Q, 
AAZIS 


Qs, Re 
2N7OGA) 'Ok 


Dg 
1263710 


of amplifier is 10,000, and noise level is 20 
uV.—C. A. 5. van der Geer, Amplifier Erases 


Maximum gain May 29, 1967, p 85-86. 


Swing of 19-DB in Input Signals, Elecfronics, 
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10-DB OPTOELECTRONIC—Uses photocell of 
Raysistor to shunt input of transistor, with 
one end of Raysistor tied to emitter to protect 
low-frequency response. Requires d-c con- 
trol voltage of 0 to 1 V.—Raysistor Optoelec- 
tronic Devices, Raytheon, Quincy, Mass., 1967, 
p 12. 


0 +15 Volts 


O -15 Volts 


AGC. AMR 


FROM DET. 


Rg 


AGC LINE IN 


RECEIVER © 


weR 


ATTACK 
GATE 


AGC FOR SSB—Provides fast attack and slow 
decay, for improved reception with ssb re- 
ceiver, RI is normal volume control in 
receiver and Tl is 1:3 step-up audio trans- 
former such as Stancor A-53, Uses audio 
drive from output of detector in receiver. 


RECOVERY 
DIODE 


ATTACK 
DIODE 7% 


Requires receiver having good skirt selectiv- 
ity, with no d-c return from agc line to 
ground.—G, W. Luick, Improved A. G. C. For 
S. S. B. Reception, “Single Sideband for the 
Radio Amateur,” ARRL, Newington, 
1965, p 180, 


Conn,, 


VOLTAGE-CONTROLLED GAIN~—Analog multi- 
plier makes age voltage act on input signal 
up to 100 kHz, to give over 40 dB of age 
range with low distortion. If signal level is 
under 10 mV at input, resistive divider is not 
needed and 5500 will then provide useful 
voltage gain.—Applying the Model 5500 
Monolithic Analog Multiplier, Optical Elec- 
tronics, Tucson, Ariz., No. 10138, 


15-DB OPTOELECTRONIC—Uses Raysistor in 
collector circuit, so collector load decreases 
and reduces gain when input increases. 
Changing load resistance RL to 15K increases 
control range to over 30 dB for dc control 
voltage of 0 to 1 V.—Raysistor Optoelec- 
tronic Devices, Raytheon, Quincy, Mass., 1967, 
p 12. 


NOTE: To locate additional circuits in the category of this chapter, use the index at the back 


of this book. 
McGraw-Hill in 1968. 


Check also the author’s “Sourcebook of Electronic Circuits,” published by 
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Automotive Control Circuits 
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UNLESS NOTED 
RESISTOR 1/4 WATT 
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& HEADLIGHT 
HEADLIGHT SWITCH \ RELAY 
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HEADLIGHT 


ADJUST TIME DELAY 


<400 mA 
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OVERRIDE TURN -ON SWITCH 


AUTOMATIC HEADLIGHT SWITCH—Head- 
fights in car are turned off automatically in 
from 1 s to 15 minutes after ignition is 


turned off, with amount of delay being ad- 
Ujt is used as timer. 
and Compo- 


justable with 500K pot. 
"Preferred Semiconductors 


500 k2 


2N4891 


--- Ss - 


100uF > 


VARIABLE WIPER—Flip-fop drives ujt timer 
and wiper motor relay. Setting of duty pot 
determines interval, in range of 1 to 80 s, 
at which ujt timer Q3 will be activated and 
power applied to wiper motor through flip- 
flop. Setting of WIPES pot determines inter- 
val hefore flip-flop is switched back, in range 
of 1 to 8s, Typical setting is 1 s for single 
wiping action, Chief advantage is ability to 
set wiper for operation at long time inter- 
vals, such as once every 30 s, for very light 
tain.—J. L. Shagena and T. H. Miller, Variable 
Control for Automobile Windshield Wiper, 
EEE, June 1969, p 140-141. 


IGNITION SWITCH 


1k2. —-2N3707 
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nents,” Texas Instruments, Dallas, 


CC101, 1968, p 24114A. 
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TO IGNITION BUS SCR HEADLIGHT-OFF ALARM—Sounds buzzer 


until headlights are turned on after dark. 
Mount photocell on inside of windshield fac- 
ing out. If buzzer sounds too early, before 
it is dark enough for headlights, increase re~ 
sistor value. 


BUZZER 
(l2v 0.0.) 


Circuit is for negative ground; 
for positive ground, interchange connections 
to headlight and ignition bus.—J, G. Rabino- 
witz, Photocells—Types, Characteristics, and 
Applications, Electronics World, Sept. 1968, p 
23-26. 
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TO HEADLIGHT BUS 
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HIDDEN OR 
KEY OPERATED 
SWITCH ON 
OUTSIDE OF 
AUTO 


PHOTOCELL 
x 


LAFAYETTE 
MS-S22 


HORN 
PUSH- 


ene BUTTON 


HEADLIGHT BURNOUT INDICATOR—Tusns on 


pilot lamp on dashboard if photocell mounted 
near edge of headlight does not pick up light 
when headlight switch is turned on. Circuit 
is Schmitt trigger. Designed for 12-V battery 
with negative ground. Can also be used to 
monitor tail-light or stoplight.—M. Dickey, In- 
expensive Circuit Makes Remote Light Indica- 
tor, Electronic Design, Sept. 14, 1964, p 75-76. 


AUTO THEFT ALARM—Simple ser control, ener- 
gized by closing S1, latches in when door of 
car is opened by thief and keeps horn blow- 
ing continuously until Si is opened. Used in 
many London taxis; police have master key 
for key switch $1 mounted on left front 
fender, to turn off horn after catching thief. 
—F. W. Gutzwiller and E, K. Howell, Economy 


Power Semiconductor Applications, General 
Electric, Syracuse, N.Y., No. 671.1, 1965, p 4. 


ELECTRIC CAR FUEL GAGE~Monitors dis- 
charge rate of 24-V battery in electrically 
powered vehicle. Turns on lamp to warn 
that battery has discharged enough to re- 
quire immediate attention, and disconnects 
motor before battery is damaged. Includes 
override button that can be held down to get 
vehicle out of hazardous traffic situation, 
Action of voltage sensor can be adjusted to 
allow for age, history, and nominal output 
voltage of individual batteries, Report de- 
scribes auxiliary measuring circuit that dis- 
plays battery output voltage against ex- 
panded scale covering important range from 
nominal maximum charge to critical discharge 
(corresponding to fuel gage indication).— 
Battery Discharge Sensor for Electrically 
Powered Vehicles, Philips, Pub. Dept., Elcoma 
Div., Eindhoven, The Netherlands, No. 434, 
1966. 
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ALL RESISTORS 1/2 WATT 


RIGHT FRONT TURN 
GE NO.1O73 © 


GE NOIO73 L 


SEQUENTIAL TURN SIGNAL—For use in cars 
having three rear lights per side. Turns on 
rear lights in sequence from center to outside 
when turn-signal switch is conventionally op- 
erated, to simulate flashing arrow pointing 
in direction of intended turn. Can also be 
used with any other three 12-V automotive 
lamps for beacons, barricade fights, adver- 
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tising signs, etc, 


changed to have required capacity. 


are energized 0.25 s apart. 
stallation 


Article gives ine 
instructions.—D, R. Grafham, Se- 


Additional stages may be 
added, provided thermal flasher module is 


INBOARD 
LAMP. 


lamps GENQI073 


quential Turn Signal System for Automobiles, 
Genera! Electric, Syracuse, N.Y., No. 201,17, 
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BURGLAR ALARM-Circuit is activated by 
closing $1 after leaving car, When any 
door is then opened that has switch for turn- 
ing on dome light, scr is triggered and applies 
power to horns. Once activated, horns can 
be turned off only by opening concealed or 
key-operated switch $1, To prevent horns 
from going off when returning to car, open 
$1 before opening door, Arrangement 
shown applies only to negative-grounded 
cars~Hobby Manual,” General Electric, 
Owensboro, Ky., 1965, p 50. 
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ALTERNATOR REGULATOR—Scr control circuit charged. To adjust, connect voltmeter across 14.5 V for normal room temperature (use 15 


applies rectified output of alternator to 12-V 
auto battery whenever it is in need of charge, 
and automatically opens when battery is fully 


battery, with engine running at moderate 
speed, and turn R2 in direction of higher 
voltage until battery voltage levels off at 


V if adjusting outdoors at 0 F).—Automotive 
Alternator Regulator, General Electric, Au- 
. burn, N.Y, No, 630.15. 
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SCR WINDSHIELD WIPER CONTROL—R2 con- 
trols repetition rate at which windshield 
wiper motor is energized to drive blade across 
windshield and back at full wiping speed. 
Connections shown are for negative ground. 
Used to operate wiper less frequently when 
rain is light, without slowing blade so much 
that it interferes with vision or perhaps stalls 
part-way across.—Circuits Manual,” Motor- 


ola, Phoenix, Ariz., 1965, p 6~3~2, 


Sensitivity 


Vp {10 to 15V) 
a 


Ic 


count 
relay 


ODOMETER—Magnet on transmission shaft or 
driveshaft trips reed relay once per 100 revo- 
lutions to actuate electromechanical count re- 
lay that, in European version, advances count 
once per 100 meters of distance moved by 
car, Uses 100:1 reduction gear between 
shaft and rotating magnet. Diode is BAX13, 
$2 is reed contact, R10 is IK, and C10 is 470 
uF.~-A. G. Korteling, Electronic Speedometer/ 
Odometer Using Reed Contact Type Signal 
Transmitter, Philips, Pub. Dept., Elcoma Div., 
Eindhoven, The Netherlands, No. 89, 1970. 
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SWITCH y 
(HEADLIGHTS) 


MCR 


1304-1 


LIGHTS-ON CHIME—Ser 


PARKING-LIGHT TURN-ON—Simple two-tran- 
sistor d-c amplifier requires only two resistors 
and photocell to energize lamp or relay load, 
Can be used to turn on 12-V 2.2-W automo- 
bile parking light automatically when dark- 
ness falls. Power limitation is due to fact 
that current in TR2 increases gradually as 
light is reduced, making dissipation in tran- 
sistor high during transitional period. With 
maximum setting of sensitivity control, lamp 
is energized at 1 lux and deenergized at 3.3 
lux, At minimum sensitivity, lamp comes on 
at 0.1 lux and goes off at 0.5 lux. Transis- 
tors are BFY52 and PI is ORP60 or ORP61.— 
Applications of the BFY50, BFY51 and BFY52, 
Philips, Pub. Dept., Elcoma Div., Eindhoven, 
The Netherlands, No. 428, 1965, 


7 DOOR 
SWITCH 
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circuit actuates chime once when car door is 
open with lights on, as reminder to turn lights 
off. Single-stroke feature gives gentle re- 
minder without becoming nuisance when door 
is kept open for loading or unloading pas- 


sengers. Lamp in series with chime provides 
supplemental continuous visual indication 
without overheating chime solenoid, because 
lamp has much higher resistance when hot 
than when cold.—"Hobby Manual,” General 
Electric, Owensboro, Ky., 1965, p 46. 


DISTRIBUTOR 


AUTOMOTIVE 


COlL 
PRIMARY 


OHMMETER 
Dy 


{N364{ 
Ot pe 


DWELL ANGLE~Simple diode-capacitor ar- 
rangement permits use of ohmmeter to meas- 
ure breaket-point dwell angle {portion of 
rotation during which points are closed). 
With engine running, ohmmeter reads avetage 
of infinite resistance when points are open 
and zero resistance when closed, Article tells 
how to calculate dwefl angle for engines with 
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SWITCH 
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== [2 VOLTS 


BATTERY-SAVER—Simple ser 


Paper Saree ee D 
bd “7 Swit 


CHIME | 
SOLENOID 


circuit makes 


four, six, and eight cylinders.—E, W. Horri- 


gan, 


Ohmmeter and Diode Measure Dwell 


Angle, Efectronics, Aug. 5, 1968, p 105~106. 


chime ting if car door is opened while head- 
lights are on, as reminder to turn them off, 
—F. W, Gutzwiller and E. K, Howell, Economy 


Power Semiconductor Applications, General 
Electric, Syracuse, N.Y., No. 671.1, 1965, p 4. 


Ys 


—> 
{10 to 15¥} 


SPEEDOMETER—Monostable mvbr is driven by 
magnetically actuated reed contact in signal 
transmitter coupled either to transmission or 
driveshaft of auta, eliminating need for 
speedometer-odometer cable. Meter indica- 
tion is proportional to rate at which pulses 
arrive from transmitter when car is in motion, 
In European version, speed of transmitter in- 
put spindle was such that reed contacts S$? 
produced one pulse per meter of distance 
covered.—A. G. Korteling, Electronic Speed- 
ometer/Odometer Using Reed Centact Type 
Signal Transmitter, Philips, Pub. Dept., Elcoma 
Div., Eindhoven, The Netherlands, No, 89, 


bey 


i 
31 


1970. 


R1=680 2 Cl=270 nF 

R2= 10 ka C2= 330 af 

R3= 10 ko Di = BZY88-C5V6 

R4= 1L5k2 D2 = BAX13 

ROR Obs TRI, TR2 = BC147 

R7= 100 Q, potentiometer 

R8= 1 ka S1 = Reed contact RI-12 

R9=130 ,NTC thermistor M = Moving coil meter 5 mA, 0.6 V 


+ 
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SLOWING UP ELECTRIC WIPER—Four-layer 
diode D1 in simple relaxation oscillator drives 
relay KI which 
electric windshield wiper motor. 
mines rate at which C1 is charged to point 
where it breaks down D! and operates wiper. 


in turn controls switch of 


R2 deter- cycle. 


oe 


Dt WIPER 
acess bee SHITCH 


KI 


When CI discharges below 1 mA, 0] turns 
off and relay drops out for start of new 


Will work with either ground polarity. 


—C. A, Huber, Slow-Kick Windshield Wiper, 
Popular Electronics, April 1970, p 86. 


PUMP 
O +BAT 


1N3031. 
30V 


FUEL PUMP OSCILLATOR WITH ZENER—30-V 
zener across transistor speeds decay of sole- 
noid current after plunger has been pulled 
in, thereby increasing frequency of operation 
and pumping rate. Designed to give 16 
strokes of plunger per second with battery 
voltage of 13.5 V.—~"Circuits Manual,” Mo~« 
torola, Phoenix, Ariz. 1965, p 7-3-3. 
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OIL-CHANGE COMPUTER—Simple electrochem- 
ical-cell circuit turns on lamp [1 when oil in 
RUN e : 
auto engine should be changed. Factors in- 
I )OK volved are running time of engine, time oil 


+ 12v 12 is in engine, and number of cold starts made 
by engine. All three factors are weighted by 
TIME resistors and used to control rate of transfer 


of platable material in cell El.—J. Rose, E-Cell 
Computer Solves Oily Problem, EDN, Sept. 6, 
1967, p 42-43, 


O 
COMMON 
Q1 « Philco PET 6002 or Equivalent 
T= No. 161 
12 = No. 1705D 
OUT PUMP 
O+BAT 
TO IGNITION ut 
aii SPEAKER 
DEFEAT 
TO LIGHT 
Ro 
to remind user to reset switch. C1 is 0.22 = 


POSITIVE-GROUND HEADLIGHT ALARM— uF, C2 30 uF, Rt 15K, and R2 680. Second- 

Speaker howls if ignition is turned off but ary of audio output transformer TI should ELECTRIC FUEL PUMP—Basic blocking oscilla- 

lights left on. Can be defeated with S1, but = match speaker.—"Transistor Manual,” RCA, ‘ter drives solenoid of Bendix plunger-type 

alarm then sounds when ignition is turned on, — Harrison, N.J., SC-13, p 517. electric fuel pump, with feedback winding 
added to complete oscillator circuit. Tran-~ 
sistor conducts for 25 ms to make plunger 
move full distance back into solenoid.—”Cir-~ 
cuits Manual,” Motorola, Phoenix, Ariz., 
1965, p 7-3-1. 


O +BAT 


1N2610 


ALTERNATOR 


600, 


60.0, 


HIGH-SPEED ELECTRIC FUEL PUMP—Use of 
10-ohm resistor R2 in series with diode across 
feedback winding of oscillator decreases off 
time of solenoid, thereby increasing frequency 
af operation and pumping rate.—’Circuits ALTERNATOR VOLTAGE REGULATOR—Uses D. E. Lancaster, Plastic Power Transistors— 
Manual,” Motorola, Phoenix, Ariz., 1965, p two inexpensive Bendix plastic-encased power Advantages and Applications, Electronics 
7—3—2. transistors rated at 25 W each and 35 V.— World, Feb. 1968, p 50~52. ‘ 
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NEGATIVE-GROUND LIGHTS-ON CHIME—Ser passengers, Lamp in series with chime pro- 


circuit actuates chime once when car door is vides supplemental continuous visual indica« 
open with lights on, as reminder to turn lights tion without overheating chime solenoid, be« 
off. Single-stroke feature gives gentle re- cause lamp has much higher resistance when 
minder without becoming nuisance when hot than when cold.—“”Hobby Manual,” Gen- 


door is kept open for louding or unloading eral Electric, Owensboro, Ky., 1965, p 46. 


BATTERY 


SEQUENTIAL TAIL-LIGHTS—Uses scr’s to create HEADLIGHT-OFF TIME DELAY~Gives 40 to 
sequential tail-light flashing, in combination 90 s after ignition switch is turned off, before 
with DI3PT four-layer breakdown diodes to turning off headlights automatically if driver 
open the circuit and reset the scr’s. Break» forgets them or wants driveway lighted whife 
over occurs at 6 to 10 V.~-R, M. Brown, Auto~ he unlocks door to house,—R. M. Brown, Au- 
motive Electronics, Electronics World, May tomative Electronics, Electronics World, May 
1967, p 23-29. 1967, p 23~29. 


NEGATIVE-GROUND HEADLIGHT ALARM— 

Speaker howls if auto lights are on when TO IGNITION 
ignition is turned off. Can be defeated with DEFEAT 

S1 if lights are left on intentionally, but alarm 
then sounds when ignition is turned back on 
fo remind user that switch should be returned 
fo normal position, C1 is 0.22 uF, C2 30 
BF, RY15K, and R2 680. Secondary of audio TO LIGHT 
output transformer TI should match speaker. 

—"Transistor Manual,” RCA, Harrison, N.J., 

SC-13, p 517. 


SPEAKER 


NOTE: To locate additional circuits in the category of this chapter, use the index at the back 
of this book, Check also the author’s “Sourcebook of Electronic Circuits,” published by 
McGraw-Hill in 1968. 
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Automotive Ignition Circuits 


BLOCKING 
12V + AMPLIFIER Osc. 


BALLAST SPARK 


DELCO“ 
REMY 


1N4001 087 
TRIGGERED ONE-SHOT IGNITION—Uses silicon 
gate control switch that turns on like ser ‘but 
is turned off by small reverse voltage pulse 
applied to gate. Trigger can be obtained 
from magnetic pickup as shown, or from 
photoelectric pickup actuated by distributor 
shaft.—"‘Circuits Manual,” Motorola, Phoenix, 
Ariz, 1965, p 11-18. 


2N2218 


TH-97 
"E" CORE 


2 

tocz 
BMH,IOA 
6 


CHI 


“lay #12V “POINTS BAL, —— OLDIE TEMES 
IGNITION FOR DRAG RACING--Gives out- ry eur. aver ae 
standing performance at high engine speeds 8065060 

in souped-up stock cars, yet eliminated 


knock an hills when put in 1966 Jeep. Fea- 
tures include special storage choke coil and 
high-voltage pulse transformer that together 
provide hot spark long enough to assure 


complete ignition. Article describes system 7 
operation and adjustment procedures.—H. |. 


tion System, Elactronies World, July 1969, p 
Keroes, High-"Q’ Inductive Electronic Igni- 32-34 and 61-62, 
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i2 MH 
25 2 


1N4001 


12V 


CONTACTLESS IGNITION—Magnetic pickup 
triggered by rotating teeth on distributor 
shaft serves in place of distributor contacts. 
Fenwal thermistor in bias circuit of 2N1193 
ensures proper operation of circuit at low 
temperatures and low ignition speeds where 
pickup trigger signals are very low.—“Circuits 
Manual,” Motorola, Phoenix, Ariz., 1965, p 
V4. 
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IGN. SW. 
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PICK-UP 2K 


R3 


FINISH 


GE 
AI3B 
(4 PLACES) 


AERGAP INCREASED, 
10 025 


Ql, O2~ GE2N2I92A — MOUNT EACH TRANSISTOR ON THERMALLOY #2210A HEATSINK 
Ti - FERROXOCUBE 206F440 -3CS"E" CORES (2 REQUIRED); FERROXCUBE S$95F425 BOBBIN 
WIND 140 TURNS SEC FIRST (4 LAYER \30AWG FORMVAR WIRE; INSULATE WITH | LAYER MYLAR TAPE 
WIND 9 TURNS FEEOBACK NEXT (| LAYER] 30 AWG FORMVAR WIRE 
BIFILAR WIND (2X 9 TURNS! PRIMARY LAST (2 LAYERS! #20 AWG FORMVAR WIRE. 


SCR CAPACITOR-DISCHARGE IGNITION—De- 
livers relatively constant ignition yoltage over 
entire speed range of idling to maximum 
rpm limit (about 5,500 rpm for 4-stroke V8 


engine of most modern automobiles. Elimi- 
nates distributor contact wear from arcing be- 
cause contacts handle only low-current scr 
trigger signal. Alternatively, scr can be trig- 


47 
SWATTS 


Ul TRIAD CS6X WITH 


v2 


CAPACITOR-TURN-OFF IGNITION—Uses silicon 
gate control switch that turns on much like 
scr, but can be turned off by relatively small 
reverse voltage pulse applied to gate. Can 
turn off 7-A coil current at voltage levels ap- 
proaching 500 V. Capacitor charges to volt- 
age level of 25-30 V, dependent on energy 
stored in inductance while transistor is on.— 
“Circuits Manual,” Motorola, Phoenix, Ariz., 
1965, p 11-17, 


LN3 005A 


1N2609 


560 pf 


2N2142 


1;250 
MALLORY 
28100 


TO +12V 
AVIA IGNITION 
SWITCH) 


COL- 


3PoT 
CHANGE 
OVER 
Switch 

UP- ELECTRONIC 
DOWN-REGULAR 
IGNITION 


CHASSIS 
GROUND 


gered by pulse output of magnetic pickup 
attached to distributor in place af contacts.— 
D. R. Grafham, Using Low Current SCR’s, Gen 
eral Electric, Syracuse, N.Y., No. 200.19, 1967, 
p 32. 
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BALLAST oh 
TO DISTRIBUTOR DROPPING RESISTOR Ome +12 V 
ROTOR INSTALLED IN MOST START 
Fa2T 
al ie TO DISTRIBUTOR 
ae , 81008 STANDARD 
coll 
2an (y 
IN 2611 ens \A, 2N2580 
ISOLATION 
DIODE 2NU32 
1000 
2N1546 
% SATURATION TO 
| RESISTOR POINTS 
= ELECTRONIC IGNITION WITH STANDARD COIL 
_ isting wiring and standard ignition 
DUAL-TRANSISTOR IGNITION—Use of two Da rn eee ot wlan aceaes 
low-voltage transistors in place of much more coll: Improves: 908. ne teeage ae net ae to 
tly high-volt . . bl is not affected by high temperature, and ex- 
bi ie hs sit isle va a a tee : tends life of points to that of car itself.—A. 
oe tity. oes ne rae ae Be O6K ie M. Hildebrant, Transistor Auto Ignition Uses 
zener diode protection. Circuit is Slep Elec- i ; : 
. : . Standard Coil, Electronic Design, May 11, 
tronics Co, TS-14.—B, Ward, “Transistor Igni~ 1964 83 
tion Systems Handbook,” H. W. Sams & Co., 7P : 
Indianapolis, Ind., 1966, p 93. 
e 
Tt Qt,Q2,SCRI, ON HEAT SINK 
Qt,Q2,' 2N3235 
NEG. OR DIST. TERMINAL OF COIL IS TO BE GROUNOED 
LJ 
> 
S 
S 
<> 
oO 
S 
= 
> 
TO COIL PLUS (OR “BATT.") 
+12V FROM IGNITION SWITCH 
e' 
TO OIST, POINTS 
1N4005 
‘TO AUTO ares GND (NEG.} 
TO COIL NE@.{OR"DIST.”) = ALL GNOS MADE COMMON TO EACH OTHER 
= of T1 on toroid core. 12 is Pulse Engineering 
TWO-SCR IGNITION-Improves engine per- 12 V to 375 V for charging energy storage PE2225 or Sprague 11Z13 1:1:1 pulse trans» 


formance, increases miles per gallon, and capacitor Cl. Opening of distributor points former. Works only on cars with negative 


prevents multiple firing or misfiring caused by 
point bounce. Power supply uses inverter 
and bridge to step up battery voltage from 


triggers SCR1 into conduction, thereby dis« 
charging Cl through ignition coil. Article 
gives construction details, including winding 


ground.—C. C. Morris and R. D. Morton, 
Unique Capacitor-Discharge Ignition System, 
Electronics World, Jan. 1969, p 45—48 and 56, 
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SCR CAPACITOR-DISCHARGE IGNITION— 
Driven by silicon-transistor inverter, drawing 
less than 2 A from battery over entire speed 
range. Will provide full spark voltage for 
speeds up to 6,000 rpm on 8-cylinder engine. 
Distributor points carry very little current so 
there is no arcing and very little wear. Exist- 
ing points, capacitor, ballast, and coil of car 
are used, Lockout circuit in scr gate prevents 
false triggering by contact bounce, eliminat- 
ing misfiring.—F. W. Gutzwiller and E, K. 
Howell, Economy Power Semiconductor Appli- 
cations, General Electric, Syracuse, N.Y., No. 
671.1, 1965, p 25. 


i a, 


2N1556 


LOW-DRAIN ELECTRONIC IGNITION—Addition 
of transistors Q3 and Q@4 to capacitor-dis« 


ws008 


BREAKERLESS IGNITION—~Motorola system, 
using magnetic pickup in place of distributor 
points, was used in somewhat similar form 
an Pontiae Grand Prix, Requires 8-tooth 
iron or steel star wheel for 8-cylinder engine 
(6 for 6-cylinder) mounted on rotor of dis- 
tributor, with each spoke as wide at tip as 
dwell angle specified for car in which it will 
be used. Magnetic pickup is mounted on 
breaker plate, using bracket, with sufficiently 
wide relief hole in distributor case to permit 
movement by centrifugal and vacuum ad- 
vance mechanisms, Pickup coil contains small 
permanent magnet in tip.~B. Ward, “Tran- 
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MAGNETIC PICKUP 


eee Se 


GE AI3C 


GROUND 
TWO #208F440-303 “E" CORES 


ONE %595F425 BOBBIN 


sistor Ignition Systems Handbook,” H. W. 
Sams & Co., Indianapolis, Ind., 1966, p 63, 


300 MH/IQOMA 


} FERROXCUBE, SAUGERTIES, NY. 


Tl &@) EACH 5 TURNS #32 HEAVY FORMVAR BIFILAR WOUND 
&@) EACH 9 TURNS #20 HEAVY FORMVAR BIFILAR WOUND 


@® 26 TURNS #32 HEAVY FORMVAR 


DISCONNECT CIRCUIT 


IGNITION = 
POINTS ~ 


charge ignition system improves performance 
at high speeds and cuts current drain to 1 


IGNITION 
COlL 


A while idling. 
~K. W. Scheel, Two Added Transistors Reduce 
Ignition-System Current Drain, Electronics, May 
29, 1967, p 87. 


Article describes operation. 
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+12 V 
Sills: 
—| } + 1 msec 
2N2834 
OApé 
30v 
2N3053 
100 mid 
182 
SPEEDING IGNITION TURN-OFF—Arrangement = 


shown reduces switching losses of electronic 
ignition system and increases ignition coil 
output, by reverse-biasing transistor to de~ 
crease turn-off time of transistor, Charge on 
100-uF capacitor, obtained when Q1 is non- 


conducting, supplies reverse bias for Q2 when 
Q1 is triggered on. Reduces erosion at gap 
of spark-plug electrodes.—Circuits Manual,” 
Motorola, Phoenix, Ariz. 1965, p 11-10. 


BREAKERLESS TRIGGER FOR IGNITION—Elimi- 
nates need for engine retiming and resetting 
of breaker point gap. Uses simple oscillator 
circuit in which high average current is ob- 
tained with transformer feedback. Fits into 
distributor housing in place of breaker points, 
Rotation of cam in air gap of trigger trans- 
former makes circuit go in and out of non- 
linear oscillation, producing square wave 
through 100-ohm resistor. Circuit can also 
be used as proximity switchi—R. 1. Ronci, 
Good Timing, Electronics, Sept. 18, 1967, p 
50, 
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MCR1804 
H.V. TO (SPECIALY 


DIST. 


MALLORY 
corL 
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POINTS 


100-V ZENER PROTECTS IGNITION TRAN- 
SISTOR—Zener is connected between emitter 
and coflectet of transistor in electronic igni- 
tion system, with voltage rating chosen for 


Protection against surges without affecting 
reliability of circuit operation.—“Zener Diode 
Handbook,” Motorola, Phoenix, Ariz. 1967, 
p 7~9. 


INVERTER FOR IGNITION—Two-transistor in- 
verter drives bridge rectifier to give d-c/d-c 
converter providing 200 to 400 V d-c for 
more efficient operation of ser capacitor-dis» 


* REQUIRES VBO = 500 
PRV = 25 V 


charge ignition system.—"Circuits Manual,” 
Motorola, Phoenix, Ariz., 1965, p 11-13. 
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52 


H.V. TO 
DIST, 


BRESTO-LITE 
201 


75-V ZENER PROTECTS IGNITION TRAN- 
SISTOR—Zener is connected between base and 
collector of transistor in electronic ignition 
system, with voltage rating chosen for pro- 
tection against surges without affecting re- 
liability of circuit operation.—Zener Diode 
Handbook,” Motorola, Phoenix, Ariz., 1967, 
p 7-9. 
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TO TRANSISTORIZED CIRCUIT 
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1s4 - 
‘TO CAPACITANCE DISCHARGE £ 
CIRCUIT {TYPICAL} . 


ELECTRONIC IGNITION ADAPTER—~Permits 
testing all types of transistor and capacitor- 
discharge ignition systems on automobile 
and returning to conventional system without 


POSITIVE-GROUND IGNITION—Modification of 
negative-ground capacitor-discharge scr igni- 
tion system will operate on cars having posi- 
tive ground. Diodes CR3-CR6 are 1N1693, 
CR8 and CRIO are 1N1695, and all others 
IN1I692, Book gives construction details, in~ 


TO STARTER RELAY 
TO DISY. CAP, 


QUICK START CKT, 


NC 


rewiring. All wires needed for installation 


are terminated in central location, using 
screw-type terminal strip. R1 is original bal- 
last resistor, and CI is origins! capacitor re- 
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cluding winding data for T1.—"Hobby Man~ 
val,” General Electric, Owensboro, Ky., 1965, 
p 63. 
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COMMON AUTOMOBILE WIRING ANO 
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mente oa TO COM, 
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TO TRIGGER CIRCUIT 


moved from distributor housing.—C. C. 
Morris, Universal Wiring for Automotive Igni- 
tion Systems, Efectronics World, Aug, 1967, 
p 48. 
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QUICK-CHANGEOVER TRANSISTOR IGNITION 
—Single-transistor ignition improves perform- 
ance and increases life of breaker points. 
Conventional ignition can be restored by 
operating both switches and moving high- 


IGNITION SWITCH 


peed Oo 
CAR BATTERY 


“S12 -14V 
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DISTRIBUTOR 
POINTS 


TRANSISTORIZED INVERTER 
INCLUDING BRIDGE RECTIFIER 


AUTO Coll. RESISTOR 


CHANGEOVER 
SWITCH POSITIONS 
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voltage cable back to standard ignition ceil, 
—J, Nawracaj, Transistor Ignition System im 
proves Engine Performance, “400 Ideas for 
Design Selected from Electronic Design,” Hay~ 
den Book Co., N.Y., 1964, p 232. 
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CAPACITOR-DISCHARGE SCR IGNITION—Cir. 
cuit includes inverter and bridge rectifier for 
charging capacitor to 175 V d-c and scr trige 
gering circuit for discharging capacitor 
through primary of ignition coil. Inverter 
Q1-Q2 converts negative-ground auto battery 
valtage te high-voltage a-c at about 8,000 Hz. 
Delivers about 23,000 Hz peak output from 
standard 12,6-V ignition coil, yet will operate 
on 6,5-V dec input for good cold-weather 
starting. Book gives constructions details, 
including winding data for TI. Diodes CR3« 
CR6 are 1N1693, CRB and CRIO are 1N1695, 
and all others 1N1692,—“Hobby Manual,’ 
General Electric, Owensboro, Ky., 1965, p 60. 
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1N3 038B 


MALLORY 
COIL 
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TWO-TRANSISTOR IGNITION—Medium-voltage 
transistors in series meet 120-V switching re- 
quirement for ignition coil having low turns 
ratio (below 325:1) and requiring between 7 
and 12 A of collector current.Circuits Man= 
ual,” Motorola, Phoenix, Ariz,, 1965, p t1—3. 
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1C-SCR IGNITION—IC provides peak current 
of 2 A for firing almost any scr of capacitor- 
discharge electronic ignition system, Circuit 


prevents multiple firing caused by distributor 


points bounce at very low cranking speeds 


and at high speeds,—W. £. Brown, improved 


INTEGRATED CIRCUIT 
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0.047 LF O.47LE 
25V 25V ia 


IC Fires SCRs Used in Auto Ignition, Electronic 
Design, July 5, 1970, p 68 and 70. 
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SINGLE-TRANSISTOR IGNITION~Uses graded- 
base high-voltage transistor for switching 
load line up to 120 V for ignition coil having 
Jow turns ratio (below 325:1) and requiring 
between 7 and 12 A of collector current.— 
"Circuits Manual,” Motorola, Phoenix, Ariz., 
1965, p 11-3. 
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~@ GND. 


SCR IGNITION—Consists of d-c/d-c converter 
for stepping up auto battery voltage to about 
400 V for charging C3. When first cylinder 
comes up on compression to position where 
spark plug should be fired, paints open and 


current through D7 switches on scr to dis- 
charge C3 through ignition coil. Brochure 
describes operation in detail._—~MARK TEN~A 
New Ignition System for All Motor Vehicles, 
Delta Products, Grand Junction, Colo., 1969. 
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CONTACTLESS IGNITION TRIGGER~Four-pole 


1 age permanent magnet mounted on distributor 
att \ a ORS rotor generates scr trigger pulses in pickup 
at if coil, for driving scr of capacitor-discharge 
{ automotive ignition, Distributor contacts are 
Li oR! i then unnecessary. Circuit shown amplifies 
pO ag - and differentiates pulse before it is applied 
to gate of scr. Magnet-coil combination is 
> ROTOR commercially available,—D, R. Grafham, Using 
DRETRIGUTSA Low Current SCR’s, General Electric, Syracuse, 

SHAFT N.Y,, No. 200.19, 1967, p 33. 
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UJT MAKES IGNITION HEATPROOF—Devel- 
oped for sports cars used in racing. Ujt 
trigger in capacitor-discharge ignition main- 
tains quality of ignition pulse over tempera- 
ture range of —30 to 160 F with simultaneous 


TOSCR GATE 


(2N4319} that previously required several plug changes 


in 6-hour race can run entire season on one 
set of plugs.—F, Honey, Unijunction Trigger 
Boosts Ignition Reliability, Electronics, Sept. 18, 
1967, p 107-108, 


supply voltage variations of more than 30% 
above and below battery voltage. Entire 
ignition system costs less than $50, Race cars 


CHAPTER 8 
Battery-Charging Circuits 


oor" 
(7V A 


i 


HI7V TO 24V CT, 
{UTC-FTIO OR EQUIV,)| 
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AUTOMATIC — TRICKLE—Controlled —_ battery 
charger delivers up to 10 A initially, after 
which charging rate is reduced to trickle at 
preset level determined by setting of charge-~ 
cutoff potentiometer.—D. Cooper, $CR’s and 
Triacs--the Revolution Continues, Flectronics 
World, Aug. 1968, p 25-28. 


q 
No, 1488 
+ —+ 
R 
KD2100 foeict 2 : 
KDzI03 Rs 

pein Koaioe 1800 12-V CHARGER WITH 150-MA TRICKLE—Gives 

essentially fullewave charging at 2 A, with 

R2 limiting current to safe value when battery 
: + is completely dead. When battery is fully 
50 pFasc, SRa charged, ist i itch 

s 470 Ry ged, two-transistor regenerative switc! 

10000. saturates and prevents scr from triggering, 

338 pottiees while turning on fullecharge indicator lamp. 

VOLTS -DC Trickle charge then flows through lamp and 
Kio Gueeenit re a transistor switch to battery.—“Silicon Con- 
+ —4-O- {ih JO. trolled Rectifier Experimenter’s Manual,” RCA, 

BATTERY. UNDER Harrison, NJ, 1967, p 73, 
Ry 
Bvd-e 0.8 Ke 8 


AMBIENT 
TEMP, SENSOR 


TEMP SENSOR 


PROTECTING NICKEL-CADMIUM CELLS—Spe- 


ing and rupturing. 


Two thermistors in bridge full charging current. Developed for use 


cial diodes, called Amp-Gates by Mallary, 
shunt individual nickel-cadmium cells during 
fast recharge to prevent cells from overheat~ 


wee} 


circuit sense when battery is fully charged and 
terminate charging, to protect diodes from 
overheating that would result if they carried 


with cordless appliances.—J, V. Ball, There’s 
No Overcharge For Fast-Charged Batteries, 
Electronics, Jan, 22, 1968, p 97-100. 


BATTERY-CHARGING CIRCUITS 


12-V ON-OFF BATTERY CHARGER—Automat 
ically switches off when battery is fully 
charged, and switches itself back on just 
before battery is fully discharged. To adjust, 
connect fully charged battery and adjust RI 
until charging just stops.—“Hobby Manual,” 
General Electric, Owensboro, Ky., 1965, p 52. 


{2OVvac 


+ 
RI 
7 SCRI ca Hus 
VOLTS 
‘AC CE CEOE, GE AISA 
“ht > 
RZ 
W CRE RS S7SHMS 47 OHMS 3 
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EPR? ce cioey 
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2 voLr : 
BATTERY ns 
750 RG 
OHMS 5Ouf IK 
aw) 7 > 25v 
5CR REGULATOR~Charges 12-V battery at = 


rate of up to 6 A. When batt 


tery is fully 


charged, SCRI shuts off, and trickle charge 


(determined by R4) continues to 


flow, —"5CR 


Manual,” 4th Edition, General Electric, 1967, 


p 152-153. 
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0-10 AMP DC 
AMMETER 
(OPTIONAL) 


+ 
Gea 
R2 
~~ 2708 


BATTERY VOLTAGE SENSOR—Used on electric 
golf carts and other electric vehicles to cut 
out traction motor when battery voltage is 


low and/or trip a warning device. Timing 
circuit prevents sensor from responding to 
short-duration voltage drops, Delay can be 
set by R4 between 15 and 40 s. Override 
51 permits driving to nearest charging sta~ 
tion on flow battery.—“Rectifier Diodes,” 
Philips, Pub. Dept., Eleoma Div., Eindhoven, 
The Netherlands, 1969, p 221. 


ai 


MCR-2918-1 


MOA-972-1 
Of THRU Od 


co 


1 


Wmi72Vv 
50-60 Hz 


STANCOR 
P6379 


T2-V CHARGER CONTROL—Protects battery 
from overcharging or reverse charging and 
Protects itself and/or separate charging 
supply from damage by short-circuits. Rated 
at 16 A.—“Semiconductor Power Circuits 
Handbook,” Motorola, Phoenix, Ariz., 1968, 
p 6-41. 
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4A 
output 


1257263 


core “E” ond"I" taminations 
size" 830x108 sq mm 
stacking height 36mm 


BYX42 


KD 2103 


KD2103 


KD 210: 
VOLTS—DC Pee 


CURRENT 
NO CURRENT 


4 A WITH CURRENT-LIMITING LAMPS—Circuit 
is readily adapted for charging either 6-V 
or 12-V batteries from 115-V a-c line. 
220 V, maximum output current for direct 


KD 2104 


BATTERY UNDER CHARGE 


i \t-O—» 


3-1N2069 


470 


IN2069 
IN2069 


PROTECTION FOR NICKEL-CADMIUM CELLS— 
Uses constant-current source to provide rec- 
ommended maximum charge rate of 120 mA 
for small three-cell rechargeable nickel-cad- 
mium battery, and simple series voltage regu- 
lator for holding voltage limit down to 4.5 
V so maximum charge voltage of 1.5 V per 
cell is never exceeded, RI is adjusted for 
120 mA while output is shorted with ammeter 
having appropriate current range, and open- 
circuit voltage is similarly adjusted with R2 
and voltmeter across output.—R, M. Mann, 
Battery Charger Protects Small Nickel-Cad- 
mium Cells, “400 Ideas for Design Selected 
from Electronic Design,” Hayden Book Co., 
N.Y., 1964, p 210. 


AC 
(Sma) 
Vi 


BAT 


(CHARGE) 
POWER 


TO 


(65mAl | 
Bat} 


~ ~: i 
orf JEST) 


short is 7 A. 10-A fuse protects against 
reverse connection of battery.—’Rectifier 
Diodes,” Philips, Pub. Dept., Elcoma Div., Eind~ 


hoven, The Netherlands, 1969, p 217. 


On 


6-V CHARGER WITH 150-MA TRICKLE—Silicon 
rectifiers in full-wave center-tapped connec« 
tion provide 3.2 A for charging, with R2 
limiting current to safe value if battery is 
dead, Two-transistor regenerative switch at 
right opens scr when battery is fully charged, 
and passes 150-mA trickle charge through 
battery and indicator lamp. RI is adjusted 
so lamp just begins to brighten for fully 
charged battery (reading 7.15 V across its 
terminals).—“Silicon Controlled Rectifier Ex- 
perimenter’s Manual,” RCA, Harrison, N.J., 
1967, p 76. 


FROM OTHER INDICATOR SOURCES 


TO BAT. TEST INDICATOR 


eet | 


lev 
| TO AC LINE 
¢ 


PS REGULATOR & 


UNREGULATED CIRCUITS 


BATTERY-FAILURE PROTECTION — Battery= 
charging circuit for 12-V_ nickel-cadmium 
battery doubles as 12-V d-c power supply if 
battery fails. With switch at AC, charger 
furnishes 5-mA trickle current to battery and 
low-ripple 15-V d-c to regulator. With switch 
at BAT, ‘820-ohm trickle-charge resistor is 
shorted out and regulator operates directly 
from 12-V battery. Fast battery charging is 
obtained by plugging in a-c line cord with 
switch at BAT position. At BAT TEST posi- 
tion, battery is checked while under load but 
with a-c power removed.—J. Collins and 
W. Whitaker, Fail-Safe Unit Operates from 
NiCad Batteries or A-C Line, Electronic Design, 
Oct. 11, 1967, p 98 and 100, 


BATTERY-CHARGING CIRCUITS 


Fh 
2AMP 


120 VAC 


cree 

SRS20SPAB4 

{OPTIONAL} 
— 


SELF-SWITCHING CHARGER — Automatically 
turns itself on when 12-V lead-acid battery is 
in need of charge, and automatically switches 
itself off when battery is fully charged. 
Maximum charge current is 5 A. To adjust, 
connect to fully charged battery and set R1 
to position at which charging just stops 
(ammeter drops to zero).—Automatically Reg- 
ulated Battery Charger, General Electric, Au- 
burn, NLY., No. 630.15. 


SCR i 
CIBFX321 


R2 
27TH 


0-5 AMP 
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(OPTIONAL } 


cre 
INL692 


RECTIFIED A.C, 
VOLTAGE FROM 
CHARGER 


mall 
N 


Vv 


R,-3.9K, 1/2W SCR-MCR808-3 
UIT-2N2646 

Rg-1K, POT, T,-PRy, 30, #22 

Rg-5. IK, /2W SEC, 45T, #22 

Cy-. 25 yt CORE: FERROX CUBE 


2,-INTS8, 6.2 203F181-303 


TI 


120 VOLTS 
Ac E ‘ 
60 CPS ae 


4 


SCR CHARGER FOR 12 V—Maximum charging 12v 


current depends on scr used for SCRI; article 
gives design equations and design procedures 
for several types of chargers for batteries 
from 12 to 400 V.—D. R. Grafham, Regulated 
Battery Chargers Using the Silicon Controlled 
Rectifier, General Electric, Syracuse, N.Y., No. 
200.33, 1967. 


TL? Ege =12.75 VRMS 


(OPEN CKT )} 
&@LS.= 1.2MH 


BATTERY —— R3. 


12-V CLAMPED-EMITTER UJT SENSING—Will 
not operate unless battery is properly con- 
nected to charger. Charging stops when 
zener in ujt circuit senses that battery is prop~ 
erly charged. Triggering pulses for ser are 
generated by ujt oscillator when battery volt- 
age is low.—Zener Diode Handbook,” 
Motorola, Phoenix, Ariz., May 1967, p 8-7. 
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15-A CHARGER WITH REGULATOR—Charges 
12-V battery from a-c line, Changes auto« 
matically to trickle charge when battery 
voltage reaches preset ‘evel, and starts 
heavy charging again when voltage falls 
below preset level. Ideal for use on trailers 
and boats, for emergency power systems, and 
for recharging automotive batteries.—F, W. 
Gutzwiller and E. K. Howell, Economy Power 
Semiconductor Applications, General Electric, 


KD2I03 


Syracuse, N.Y., No. 671.1, 1965, p 7. 


12 V AT 5 A—Regenerative switch Q1-Q2 con- 


Ko2I03 


ducts and turns on full-charge indicator lamp 
when battery is charged to predetermined 
desired level of 14 Vas set by RI. Regenera» GATTERY 


Oke 
BEING CHARGED 


tive switch resets automatically when charger 
power switch $1 is open.—"Silicon Controlled 
Rectifier Experimenter’s Manual,” RCA, Harri- 


son, N.J., 1967, p 80. 


UNDER 
VOLTAGE RESET 


fee) 2N358A 


AUTOMATIC CHARGER SWITCH—Voltage de- 
tector circuit using tunnel diode operates relay 
to disconnect charger at preselected battery 
overvoltage value. In discharge mode, bat- 


tery is disconnected from load when pre~ 
selected undervoltage condition exists. Re- 
peatability is within 0.1 V over temperature 
range of 32 te 90P. Voltage-divider network 


3.9K 


PB. KHP17DI 
24V0C 


S 


xi * 


CONTROL. 
RELAY 


2N696 


values depend on voltages to be detected.— 
—H. Layte, Ideas For Design, Electronic Design, 
Aug. 30, 1965, p 44. 


BATTERY-CHARGING CIRCUITS 


€, = 500 microfarads, 25 volts, elec- 


trolytic 

Cz = 100 microfarads, 12 volts, etec- 
trolytic 

CsC, = 0.01 microfarad, ceramic 
disc 

CR, through CRs = silicon rectifier, 


RCA SK3030 
F, = fuse, | ampere, 125 volts 
I, = lamp, No, 47 


+ Q) = transistor, RCA SK3005 
Qe = transistor, RCA SK3020 
R, = 330 ohms, 1/2 watt, 10% 
Ry » adjustable resistor, 5 ohms, 10 


watts, 10% 


6-V CHARGER—For motorcycle and photo-~ 
flash storage batteries. Charging rate of 
1 A is automatically terminated when battery 
is fully charged. Adjust R7 in voltage~ 


= 4700 ohms, 1/2 watt, 10% 
= 10,000 ohms, 1/2 watt, 10% 
Re = {SO ohms, !/2 watt, 10% 
= 470 ohms, 1/2 watt, 10% 
= miniature trimmer contro}, 
5000 ohms, Mallory No. MTC- 
{ or equivalent 
SCR; = silicon controlled rectifier, 
RCA S$K2100 
S. = switch, 128 volts, 1 ampere, 
single-pole, single-throw 
JT, = transformer, primary 117 volts, 
secondary 25.2 volts at 1 
ampere, Stancor No, TP-4 or 
equivalent. 


sensing circuit at right so scr is turned off for 
fully charged battery, which is 7 V for lead- 
acid batteries.—“Hobby Circuits Manual,” 
RCA, Hartison, N.J., HM-90, p 114, 


NOTE: To locate additional circuits in the category of this chapter, use the index at the back 
of this book. Check also the author's “Sourcebook of Electronic Circuits,” published by 


McGraw-Hill in 1968. 
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CHAPTER 9 
Bridge Circuits 


THREE-PHASE SCR CONTROL—Simple three- 
transistor scr firing circuit provides stepless 
control of d-c output voltage of three-phase 
bridge between 25% and 100% of maximum 
output voltage, or from 40 to 150 V. With 
93-V output for fine voltage of 130 V asc, 
drop to 100 V a-c reduces d-c output only 
1 V.—"SCR Manual,” 4th Edition, General 
Electric, 1967, p 202-204. 


Vsienat. 


,ot 


COMPARATOR-CONTROLLED FET BRIDGE— 
Diodes have secondary role of simply switch- 
ing fet’s. With zero offset voltage for fet’s, 
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Qo, Q4 ARE PIOB7 OR EQUIVALENT 
Q; , Q3 ARE U1899 OR EQUIVALENT 


cR4 CRE 
ur? vouT t 

3 PHASE 

AL SUPPLY 

60 CPS 


FLUCTUATIONS 


FOR 
INDUCTIVE 


LOAD 
cR 7 


ADJUST FOR ADJUST FOR LOAD 
COMPENSATION 03 FIRING 
OF LINE VOLTAGE AT a = [20° 


VOLTAGE 
CONTROL 


CRI — (3)G E INI695 
CR2—~ 20 VOLT,!} WATT ZENER DIODE, iN!S27 


CR3, CR4, CR5,CR6 — AS REQUIRED FOR LOAD( e g IN2ZI5S6) 
SCRI, SCR2, SCR3 ~— AS REQUIRED FOR LOAD(e g C358) 
Q2-G E 2n2923 


01,03 ~G E 2N2646 


Rt — (QK POT 
R2 ~— 20K POT 
R3 - 4700 


output closely follows or inverts half of sine- 
wave input signal, to give full-wave rectifica- 
tion with no distortion.—L. Accerdi, Diode. 


D; THRU Dg ARE 1N3064 OR EQUIVALENT 


R4-1000 

R5,R6 ~ 3900 
R7 — 33K,2W 

RB = SOON POT, 2W 
RS — 100N 

RIO, RU, RI2 ~259 
cl - 05 MFD 

c2 — 1.0 MFO 


Switched FET’s Rectify the Full Wave, Flee- 
tronics, Aug, 3, 1970, p 76. 


ee ee | 


OC BIAS LOOP 


BRIDGE CIRCUITS 


AGC ‘LOOP 


LAMPS REGULATE 1-V A-C—Inexpensive volt- 
age-regulating bridge depends on ballast 
action of 2-V lamps operated at about 0.6 V 
to give 1-V a-c output that varies only 0.25% 
for line voltage change of 105 to 125 V. 
Regulation is independent of frequency over 
range of 25 to 800 Hz. Thermal inertia 
makes correction slow, so large input change 
may require almost 1 s for full correction, but 
this is usually not serious drawback. Bulbs 
should be soldered into circuit.—D. Kelly, 
Small Lamp Bridge Regulates Line Voltage, 
Electronics, March 20, 1967, p 89~90. 


INITIAL 
BALANCE 


CENTER 
TAPPED 


UNREGULATED 
SUPPLY 
VOLTAGE 


200 


SUM AMP 


PHASE 
CONTROL 


CONTROL 


MEASURING PHASE AT 100 MHZ—Broad null 
of conventional balanced bridge is sharpened 
in Teltronics PD-200 phase detector by using 
two similar channels exactly 180 deg out of 


Bt 


phase. Pentode types for V2 and V3 are not 
critical, and component values for tube cir- 
cuits are those of conventional pentode ampli- 
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WIEN-BRIDGE OSCILLATOR—Mosfet is used as 
linear resistance whose value depends on 
level of oscillator output signal. Increase in 
output level gives bias voltage for mosfet by 
detection of peak negative value, for control- 
ling gain in oscillator automatically.—C, R. 
Perkins, “Application of MOSFET Devices to 
Electronic Circuits,” Hughes, Newport Beach, 
Col, 1968, p 29. 


3 BULBS # 480R #49 
2v, 0.060, RATING 


CONSTANT 
{-v 
OUTPUT 
§00-ohm 
VOLTAGE 
ADJUSTMENT 
300 
200~ohm 
SLOPE 
ADJUSTMENT 


TUNED DET 


METER READOUT 


GAIN 


fier stage. Circvit gives null of about —55 
dB, permitting phase measurement accuracy 
to within 0.1 deg in frequency range of 15 
to 100 MHz.-—R. ©. Goodwin, Unbalanced 
Bridge Simplifies Phase Measurements, Elec- 
tronic Design, March 15, 1965, p 52-53. 
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10-V . BIPOLAR FROM BRIDGE~Grounding 
common point of two zeners connected across 
output of power supply eliminates need for 
two secondary windings on power transformer 
and provides protection against short-cire 
cuits, If unsymmetrical voltages are rem 
quired, use zeners with different ratings.—S. 
Ritterman, Single Transformer Provides Posi~ 
tive and Negative Voltages, Electronic De- 
sign, Jan. 1B, 1970, p 86. 


GE IN2941 
TUNNEL DIODE 
« 


OUTPUT 


pes 5 O°200 mv PEAK 


QUADRUPLER~Tunnel diode doubles double- —R. P, Turner, Tunnel Diode Doubles Doubled 
frequency output of bridge rectifier, Adjust Frequency, “400 Ideas for Design Selected 
input voltage to give best output waveform from Electronic Design,” Hayden Book Co,, 
on cro. Circuit operates up to several MHz. N.Y., 1964, p 170, 


I+) 


DC VOLTAGE 

UNKNOWN GREATER THAN 

INPUT 125 VOLTS 

VOLTAGE ip Rg* 330 OHMS 

ZB2Ri0 Riy 7.27000 OHMS ADJUST FOR 
m VOLT ACROSS Ro 
METER 50 LA. 

pees t~) Pit 10. TURN HELIPOT 20,000 OHMS 


OR MORE, 0.1% LINEARITY 


POTENTIOMETER BRIDGE~Uses precision neon proached, $1 is closed fo increase sensitivity 


voltage regulator. Potentiometer divides un- of null meter.~E, Bauman, “Applications of 
known voltage down and compares it to 1-V Neon Lamps and Gas Discharge Tubas,”’ Sig- 
reference across R2. As balance is ap- nalite, Neptune, N.J., p 89. 
(NS92A 
OUTPUT 
4 VOLTS 


TUBE WARMUP CONTROL—Thermistor mounted 
on socket of photomultiplier forms one leg of 
bridge used to compensate for decrease in 
gaih of tube as ambient temperature in- 
creases during warm-up period. Control cir» 
cuit acts on voltage of last dynode. Output 8 
amplitude is constant within 2% from 24 
to 40 C with compensation, as compared to 
8% variation without compensation, Article 
gives calibration procedure.—A. £. Martens, EXCLUSIVE-~OR—Simple circuit gives output of 
Photomultiplier's Gain is Temperature Com. 1 when input A or input B is 1, but no output 
pensated, Electronics, April 14, 1969, p 97-98, | (0} when both inputs are t.—R. C. Hoyler, 


Q, 
2N3393 


Bridge and Transistor are Exclusive-or Gate, 
Electronics, Aug. 19, 1968, p 88. 


BRIDGE CIRCUITS 


R Re 
22k Ok tay 
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PULSE 
Epa 2 TO 3v POS 
FET 100.0 
2N3993 2N703 
Wk - 
sess 
* Ry R5 
22k 75k 
1000 M 
10M 
LOGARITHMIC NULL VOLTMETER—May be 100 K 
used as indicator for Wheatstone bridge, 1K 


comparison bridge, or differential voltmeter. 
Will also serve as solid-state galvanometer 


for laboratory use. 


setting. Precision 
because absolute 
made off null, 


log function.—A 


Model 9156 IC operates INeur oo. AA »- _ (1) . 

as active attenuater for 1,000-V full-scale 100 K oa 

resistors are not required QO.1 uF 

measurements are seldom 

Meter should be 16-0—10 V. 

Model 2245 IC provides four-decade bipolar 10 Megohms 

Logarithmic Null-Voltmeter 4159 - 159 
Design, Optical Electronics, Tucson, Ariz., No. a 3s 

68K 410K 68K 


10084, 


SOLAR-CELL ISOLATION—Cells provide float- 
ing low-impedance bias source supplying 1.6 
V to turn on fast-response hot-carrier-diode 
bridge. Bridge input will accept signal volt- 
ages up to 4 V p-p. On-off ratios of 60 
dB are possible up to 20 MHz. Response is 
down 5 dB at 40 MHz, Corners of diode 
bridge are switched simultaneously by low- 
impedance source, to minimize transients in 
output. Gating period can range from sev~ 
eral ns to several hours.—J. J. Contus, A 
Broadband Low-Noise Gate Using Hot-Carrier 
Diodes, EEE, March 1969, p 122 and 124, 


se! 1 MILLivolt Full Scale 
100 MILLivolts Full Scale 


10 Volts Full Scale 
1000 Volts Full Scale 


10 HZ—-5 MHZ WIEN-BRIDGE OSCILLATOR— 
Output is 1 V rms, with 
harmonic distortion at 1 kHz. 


less than 0.2% total 
Switch gives 


five ranges: 15~200 Hz; 150-~2,000 Hz; 1.5~20 
kHz; 15~200 kHz; 150~2,000 kHz.—"E-Line 
Transistor Applications,” Ferranti Ltd., Old- 
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ham, Lanes., England, 1969, p 35, 
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OPAMP BIAS—Resistor bridge interconnecting 
two opamps eliminates serious bias problems 
without regard for maximum common-mode 
input voltage rating. Bridge is in balance 
at X and Y, so bias voltage can be pulsed or 
continuously varied without interfering with 
signal. Separate floating and isolated power 
supply is required for each opamp.—H. E. 
Weber, IC Operational Amplifiers Solve Bias 
Level Problems, Electronic Design, Oct. 25, 
1969, p 109 and 111. 


RI 
LIM 


{Ok 


.38V 
BATTERY 


\. 


THERMISTOR THERMOMETER—Will indicate on 
meter the temperature inside deep freeze, 
solution temperature in darkroom, or any 
other temperature measurable with thermistor 
that can be connected into bridge-meter cir~ 
cuit shown. For range of 32 to 122 F, RI 
and R2 are 1,000, R4 is 5,000, and R5 is 
9,500 ohms. For low-temperature range of 
—40 to +32 F, RI and R2 are 7,300, R4 is 


R2 


ee) 


R3 
GE-XI5 
THERMISTOR 


50,000, and R5 is 4,850 ohms, with battery 
changed to 1.5-V mercury cell. Both ranges 
use 50-uA dec meter (GE type DW-91 having 
1,500 ohms resistance). Resistor values in 
bridge are critical. Calibrate with crushed 
ice in water and with calibrating resistors 
supplied with thermistor.—“Hobby Manual,” 
General Electric, Owensboro, Ky., 1965, p 150. 


15K 


600 Q 


T)—TECHNITROL No 851/66 OR EQUIV 


SHUNT GATE—Uses CA3019 diode IC array 
with diode bridge shunting load resistance 
and balancing out gating signal to provide 
pedestal-free output. When gating voltage 
Vg is of sufficient amplitude, bridge conducts 
for half of each gating cycle and prevents 
input signal Vs from reaching output. Gating 
voltage should be 0.8 to 1.2 V rms at 1 to 
100 kHz, and input signal 0 to 1 V rms from 
d-c to 500 kHz.—“Linear Integrated Circuits,” 
RCA, Harrison, N.J., I1C-41, p 303. 
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TR 
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ee 
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Riz 
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Rio R 
= iK ak 
OUTPUT 
anh 5 
LOW-DISTORTION WIEN-BRIDGE OSCIiLA~ 
TOR—Used primarily for measuring distortion 


in audio amplifiers without using tuned fil- 
ters. Delivers pure sine wave with very low 
distortion. Values of R3 and R4 determine 
frequency ratio covered on each range; 1K 


gives maximum fo minimum frequency ratio 
of 11:1, for small overlap on decade ranges. 
Output is 1 V rms into 600 ohms over fre- 


quency range of 10 Hz to 100 kHz.—“E-Line 
Transistor Applications,” Ferranti Ltd., Old- 
ham, Lancs., England, 1969, p 36. 


BRIDGE BALANCE DETECTOR—Design goal is 
simplest circuit giving sufficient sensitivity and 
linearity, since gain stability is unimportant 
for application. Report gives design proce- 
dure,—“E-Line Transistor Applications,” Fer~ 
ranti Ltd., Oldham, Lancs., England, 1969, p 
38. 
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SERIES GATE-—Uses CA3019 four-diode 
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+9¥ 


22K 


Ic 


array in diode-quad bridge that balances 
out undesired gating signal at output and 
yeduces pedestal to extent that bridge is 
balanced. Gating voltage should be J to 3 
Vrms at 1 to 500 kHz.—“Linear Integrated 
Circuits,” RCA, Harrison, N.J., IC-41, p 301. 


DIAMOND GATE—Used in Paramatrix system 
for preprocessing analog information, chiefly 
photos and graphs, while converting to digital 
signals under computer contrel. System can 
enlarge or shrink picture, move it around, 
rotate it, correct blurs, and fill in gaps, Cuts 
computer requirements by factor of 10. Can 
also be applied to automatic drafting. Arti- 
cle presents theory and many block diagrams 
along with examples of results achieved, 
Circuit shown is used in interpolator, and re- 
quires input signals at both gates before 
diode bridge transmits analog voltage.—W. 
J. Poppelbaum, M, Faiman, and E. Carr, 
Porametrix Puts Digital Computer In Analog 
Picture, And Vice Versa, Electronics, Sept. 4, 
1967, p 99-108, 
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WEAK D-C SIGNALS—~IC opamp with bridge 
rectifier and milliammeter provides high input 
impedance and high sensitivity for measuring 
millivolt signols that can vary either way from 
zero. Meter reads upward regardless of 
input polarity. Full-scale sensitivity is 1 V. 
Ri insures that meter overload will not exceed 
5%. For measuring a-c voltages, meter indi- 
cates average value of rectified waveform; 
for rms readings, reduce R2 by 11%.—J. P. 
Budlong, Bridge and Amplifier Monitor D-c 
level, Electronics, Sept, 2, 1968, p 71~72. 
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CHAPTER 10 
Capacitance Control Circuits 


NO-PUSH ELEVATOR BUTTON—Finger near 
button, even if gloved, actuates appropriate 
relay in modern elevator control system and 
turns on lamp behind button. Screen behind 
button picks up hum signal from building 
ground, capacitively coupled through body of 
person. This signal is passed to MEMS511 
mosfet which in turn makes GE C106 scr 
turn on No. 1829 lamp and relay.—F. G. Geil, 
MOS FET Takes the Push Out of Elevator Push 
Button, Electronics, Oct, 30, 1967, p 70—71. 
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LIQUID LEVEL IN TANK—Movement of liquid 
in glass gage tube outside tank changes 
capacitance between liquid and metal-band 
sensor around glass. Sensor is connected in 
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one arm of bridge, which is first balanced by 
adjusting C and R with liquid at top of the 
two sensor electrode rings. Bridge receives 
10-V excitation from 3.2-MHz oscillator using 


6AG7 tube. Article gives detection sensi- 
tivity for ten different liquids.—P. K. Mital, 
Capacitance Sensor Monitors Stored Liquid 
Levels, Electronics, Oct. 30, 1967, p 71—72. 
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ANTENNA 


BUTTON 


col 


i~ 1)7/12.6 VOLT AUTO TRANSFORMER (OR FILAMENT TRANSFORMER) 


BODY-CAPACITANCE CONTROL—Bistable 
neon mvbr is triggered by momentary finger 
contact with ON touch point, to pull in relay. 
Relay releases when other point is touched. 
Chief requirement is sufficient capacitance be- 
tween circuit and ground, With a-c/d-c 
supply, ground side af power line should go 
to circuit ground. With battery supply, larger 
touch points are needed and circuit ground 
should be metal chassis.—W. G. Miller, “Using 
and Understanding Miniature Neon Lamps,” 
H. W. Sams & Co., Indianapolis, Ind., 1969, 
p 74, 


GROUND 


GEINI692 


OUTPUT RELAY 


LIQUID-SENSING CAPACITOR—Conventional tube, increased dielectric constant of liquid 
Hartley oscillator resonates at 45 MHz when 
glass tube is empty. When liquid reaches 
evitical level inside metal bands surrounding 


column changes capacitance enough to reduce 
frequency to 12 MHz, 
reliably with differential capacitance of 0.1 


Circuit will trigger 


PROXIMITY SWITCH—Can be used for elevator 
call buttons, supermarket and other door con- 
trols, burglar alarms, and other applications 
where load is to be energized by momentary 
touch of finger on button. C2 represents 
capacitance between touch button and ground 
that is provided by body of person. Size of 
touch button or sensing plate depends on dis- 
tance to object being sensed; if distance is 
small, as with touch control, sensing plate 
need be no larger than a penny. For latching 
action, drive scr anode circuit only with d-c,— 
D. R. Grafham, Using Low Current SCR’s, Gen- 
eral Electric, Syracuse, N.Y., No. 200.19, 1967, 
p 30, 


V1, V3 - T2-27-WR500 
V2, V4-5AB-B 


ON 
TOUCH 
POINT 


5. 6meg 
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pF between sensing point and ground.—4J, K. 
Marsh, Two-Frequency Oscillator Detects Level 
of Liquid, Electronics, March 20, 1967, p 90. 
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GROUND SIDE 
= OF LINE 


INTRUSION DETECTOR—Responds to change 


PROXIMITY SWITCH—-Load is energized as 
long as button of sensor plate capacitor C2 
is touched. When button is released, load is 
de-energized, etching action can be ob» 
tained by replacing CR1 with connection 
shown as dashed line, Reset will then re- 
quire auxiliary contact in series with SCRI. 
Used for door safety controls and floor se~ 
lector buttons in elevators, supermarket door 
control, safe monitor in banks, flow switches, 
and conveyor counting systems.—’SCR Man- 
val,” 4th Edition, General Electric, 1967, p 
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GE CIO6B 
SCRI 


tion coil to intruder, Antenna may be dec- 


100-W A-C PROXIMITY SWITCH—High sensi- 
tivity of D13T2 programmable ujt makes trig- 
gering of circuit possible with only about 10 
pF capacitance between sensing electrode and 
ground, This means that finger does not 
have to touch sensing button. Circuit is non- 
latching, and will therefore open when body 
or other capacitance is removed. R4 adjusts 
sensitivity. Applications include counting 
freshly painted objects moving past on con- 
veyor line.—E. K. Howell, Small Scale Inte- 
gration in Low Cost Control Circuits, General 
Electric, Syracuse, N.Y., No. 671.9, 1968, p 19, 


cs 
220uF | Rig 


im capacitance between sensor antenna (J1) 
and ground when person is within several 
feet of antenna, to energize relay that trips 
local or remote alarm, turns on lights, sum- 
mons guard, or applies output of auto igni- 


orative metal art object. For fail-safe opera- 
tion, @3 may be biased to energize relay 
under normal conditions. Presence of in- 
truder or failure of power will then release 
relay and set off alarm, For protection 


against burglars in stores, antenna can be 
safe or cash register,~-L. E, Garner, Jr., The 
Amazing “People Detector,” Popular Elec- 
tronics, dune 1968, p 27-32 and 93. 
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6 
PLATE 12 VOLTS 


TOUCH SWITCH—Can be used to turn on or 
off variety of circuits, depending on type of 
relay used. Touching metal plate, which 
should be kept close to gate of fet, operates 
relay.—“Tips on Using FET’s,” Motorola, 
Phoenix, Ariz., HMA-33, 1969. MEG 
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INPUT Cy 
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SENSITIVITY ADJUST 


1,000;1 VARIABLE CAPACITOR—Potentiometer 
RI, buffered on both sides by complementary 


PROXIMITY DETECTOR—Turns on light when 
person approaches sensor wire. R2 should 


and transistor Q2 are off and output is at 


emitter-followers, reduces effective value of 
fixed capacitor CI over much greater range 
than with conventional variable capacitors. 
Useful for capacitive tuning of tank circuits 
aver wide frequency ranges.—J, Gaon, Feed- 
back Turns Fixed Capacitor into Variable 
Capacitance, Electronics, Nov. 28, 1966, p 
80-81. 


COPPER 
PLATED 
BOARD 


SOFT-TOUCH CONTROL—Two-electrode cop- 
per-plated button acts as capacitor in RC 
reactive bleeder circuit connected to 2-kHz 
10-V source. With button not touched, fet QI touched, its capacitance increases about five typewriters, and computers.—F. 
times, triggering both transistors on and giv- 


be well insulated because it is connected to 
one side of power line when at lower end of 
range. Values are: 11 10-W lamp; TI S$tan- 
cor P-6134; D1 125-V 65-mA selenium recti~ 
fier; CI 10 uF; RI 39K; R2 15K pot; R3 3.9 
meg.—R. M. Brown, “104 Simple One-Tube 
Projects,” Tab Books, Blue Ridge Summit, Pa., 
1969, p 144, 


+5y to 20¥ 


Qa 
BFY 64 


OUTPUT 


controls triggering sensitivity of circuit and 
triggering level. May be used for elevators, 


Touch-Activated Switch Built With Copper- 
or logic zero. When button is ing positive output voltage or logic one. Pot Plated Board, Electronics, Sept. 1, 1969, p 79. 
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GROUND SIDE OF 117 LINE 


HET VAC 


TOUCH ALARM—When intruder touches metal 
plate or other metal object connected to free 
end of RI, scr is triggered on and alarm is 
energized. May be connected to doorknob, 
metal screen door, foil strip on window sill, 
or other metal object that is not too large. 
Object must not be grounded through build- 
ing structure, because alarm depends on 
change in capacitance between RI and 
ground, Alarm stops when touch contact is 
broken.—R. F. Graf, Build Low-Cost Touch 
Alarm, Popular Electronics, Feb. 1969, p 92- 
93, 


TOUCH CONTROL—Lamp, appliance, tv, or 
stereo set can be turned on simply by touch- 
ing two small pieces of tin foil or metal with 
finger to bridge gap between them, Uses 
grid-glow tube. Relays are 2.5K. When VI 
pulls in K1, its contacts pull in K2 to apply 


INSULATING 


+20 Vde 


moved, capacitor is charged by 1C and relay 
stays energized for about 10 s until charging 
current drops below threshold current of am- 
plifier.—J. H. Still, Time Delay Touch Switch 
Uses Body Stray Voltage, Electronic Design, 
July 19, 1967, p 106. 


TOUCH SWITCH—Finger in 


depression of 
switch plate discharges capacitor and ener« 
gizes double Darlington amplifier driving reed 
switch, Relay remains energized as long as 


When finger is re- 


finger makes contact. 


R3 CONTACT 4 


DI ays PLATES 


power to lamp or other appliance plugged 


ing: if R3 is shorted or much smaller resistor 
used, circuit can be dangerous for one posix 
tion of plug because one contact plate goes 
to a-c line.—R. M. Brown, “104 Simple One- 
Tube Projects,” Tab Books, Blue Ridge Summit, 
Pa., 1969, p 140. 


into socket. Once fired, V1 stays on and 
relays remain energized until power from a-c 
line is interrupted. Values are: D1 125-V 
65-mA selenium rectifier; C1 0.47 uF; C2 2uF; 


RI 27; R2 110K; R3 1.1 meg; R4 110K. Warn- 


TOUCH SWITCH—Body capacitance is suffi- 
cient to trigger scr through neon and ener- 
gize load through 1C and triac QI, which 


will handle up to 150 W. 
of metal plate will turn load on and off, 
Reversing fine cord plug at wall outlet may 


Alternate touches improve operation.—J. Bechtold, TC Switch 
For Remote Control, Popular Electronics, Apri! 


1970, p 52~55. 


CHAPTER 11 


Cathode-Ray Circuits 


1000 


150-MHZ CRO HORIZONTAL DEFLECTION 


AMPLIFIER—Provides linear 13-cm deflection, 


with provision for expanding selected portion 
of trace tenfold. Writing speed of 5 ns/cm 
is available at maximum rate of output. Cir- 
cuit is broadly symmetrical, with long-tailed 
pairs used in all stages.—K, Hart and F. G. 
Oude Moleman, Horizontal Deflection Ampli- 
fier for 150 MHz Oscilloscopes, Mullard Tech- 
nical Communications, Sept. 1968, p 167-174. 
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Ri 1:5kQ, 
Ro 5 kQ, 
Rg 7-5kQ, 
Re 24kQ, 
Rs 910 9, 
Re 910 &, 
R 1:8kQ, 
Re 18k, 
Ro 750 , 
Rio 39k2, 
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SWEEP GENERATOR—Uses OF! Model 5245 
voltage-frequency transducer having ovtput 
frequency range of 10 Hz to 100 kHz for in~ 
put of Oto 5 V. Output is pseudo-sinusoidal, 
adequate for driving L-C and R-C filter-type 
networks under test (NUT). OEFF 547 fre~ 
quency-voltage transducer has log response, 
with dec output equal to log of input over 
frequency range of 1 Hz to 100 kHz. Ujt 
generates low-frequency sawtooth that slews 
output frequency of 5245 over entire audio 
spectrum. Arrangement gives log-log dis- 
play on cro, but with modifications will give 
lin-lin display.-A Wide Range Sweep Gen~ 
erator, Optical Electronics, Tucson, Ariz., No. 
10100. 


D. D3 


ia ———0+ ISOV 
BAy28 BAY3B 


0g 
82ZY95-C27 


TRE 


+1280 
ae 
2 baw 


Oy 2 
Baye BAY3B 


+180 

4W Re; 3:3kQ, 5-5W 
4W, =1% Reo 3-3kQ, 5-5W 
Ww Res 680 0, 4W 
+ Roa 68 ©, {W 
4W Ros 18 kQ, 5-5W 
+w Res 250 2, pot. w.w. 
1W Cy, 50 pF, 25V 
+w Co 50 uF, 25V 
1W, 11% C3 470 pF, 700V 
IW, =1% 
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AUTOMATIC TRACE INTENSITY CONTROL— 
Differentiating circuit, with output feeding 
cathode of crt, gives increased gain at high 
frequencies to compensate for loss of bright- 
ness. With input of 50 mV rms, output is 17 
V peak above 100 MHz. Below 100 MHz, 


ert, circuit 
in oscilloscope 


brightness 
control 


pulse output 7 =1ON 
stage 
—~-40V 


output voltage decreases in direct proportion 
to frequency. Gain contro! R1 is used to 
balance intensity initially for vertical and 
horizontal deflections.—W. J. Godsey, Differ- 
entiating Amplifier Intensifies Scope Trace, 
FEE, Jan. 1967, p 115-116. 


D-C RESTORER WITH POSITIVE CRT GRID 
DRIVE—Used with inexpensive D7-190 crt in 
oscilloscope having bandwidth up to 10 MHz, 
Brightness control adjusts grid drive over 
range of 2 to 36 V during unblanking periods. 
Values are: RI 1 meg; R2 470K; R3 120K; R4 
4.7K; R6 22K; R7 1K; RB 100; R9 470; R11 
15K; RE, RC 15K; C1, C2 180 pF; C3 3.3 nF; C4 
16 uF; C5 6.4 uF; DI, D2 BAX16; D3 OA79; 
D4 BZY95/C75; TRI BSX21; TR2 BCIB7.—G, 
W. Broekema, A New CRT-Grid Drive Circuit 
Using D. C, Restoration of the Unblanking 
Signal, Philips, Pub. Dept., Elcoma Div., Eind~ 
hoven, The Netherlands, No. 326, 1968. 


[Sho Qe 
Ro 2N4036 


PRECISION 
SAMPLE 
RESISTOR 


a t 
FOCUS CURRENT REGULATOR—Regulates con- 
trol current through focus coil of cathode-ray 
tube. Use of separate supply for National 
Semiconductor IC current regulator makes it 
unnecessary to restrict unregulated input 
voltage to maximum 30-V rating of {C. Line 
regulation is better than 0.02% and load 
regulation better than 0.05%. Intended for 
focus coils within 10% of 400 ohms and 
maximum focus current of 50 mA.—W. G. 
Jung, An Efficient Focus-Current Regulator 
Using the 1M300, EEE, Feb. 1969, p 113114, 
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Cy ay 
SIGNAL 2nss82 Ni 
INPUT Mee 
DISPLAY-CHANGING FET SWITCH—Permits Das 
100k 


displaying three or more signals in rapid se- 
quence on cro. Monostable multivibrators, 
one for each input signal, are connected so 
each one drives the next in closed loop. 
Mvbr output is timing signal for Q2, which 
in turn controls fet switch.—P. Thompson, A 
Single-Channel ‘Multitrace’ Scope, Electronics, 
Sept. 29, 1969, p 113—114, 
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brightness 
control 


ert. circuit 
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HIGH-VOLTAGE BRIGHTNESS CONTROL FOR 
POSITIVE GRID—D-c restorer circuit for 10- 
MHz cro having positive crt grid drive is 
simple in design, easy to adjust, relatively 
—| hum-free, and uses only inexpensive capaci- 
= tors, C6 bypasses chopped signal around 
brightness control, Values are: R1 1 meg; 
R2 470K; R3 100K; R4 4.7K; R6 12K; R7 1K; 
R8 100; R9 470; R11, RE, RC 15K; R12 470K, 

—-+20V CI, C2 180 pF ceramic 2,000 V; C3 3.3 nF; 

+4 C416 pF; C5 6.4 uF; C6 22 nF; DI, D2 BAX- 
TRI 16; D3 OA79; D4 BZY9S/C75; TRI BSX21; 
03 TR2 BCI87.—G. W. Broekema, A New CRT- 
Grid Drive Circuit Using D. C. Restoration of 
TR2 the Unblanking Signal, Philips, Pub. Dept., 
Elcoma Div., Eindhoven, The Netherlands, No. 


R3 C3 ’ 326, 1968. 
Ri 
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pos, or neg. pulse output 
bias source stage 
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CHARACTERISTIC CURVE ROTATOR—Inexpen- 
sive two-port negative-impedance converter 
varies characteristic curve of component by 
revolving it about an origin. Oscilloscope at 
input port displays rotated characteristic 
curve, as aid to designer in building new cir- 
cuits having functions not attainable with 
conventional components. Article gives de- 
sign criteria and equations for R, L, and C 
rotators and examples of curves that can be 
obtained.—L, O. Chua, A Good Turn for Old 
Components, Flectronics, May 29, 1967, p 
109-122, 
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HIGH-VOLTAGE BRIGHTNESS CONTROL—D-c 
restorer circuit for crt having negative grid 
drive controls brightness at high-voltage level. 
Chopper supply voltage is only 60 V, because 
chopping pulses are not varied in magnitude 
by shifting chopped signal. Instead, chopped 
signal varies symmetrically about center of 
available collector voltage swing for TRI. 
Values are: RI 1 meg; R2 470K; R3 100K; R4 
4.7K; R6 12K; R7 1K; R8 100; R9 470; RII, 
RE, RC 15K; R12 470K; C1, C2 180 pF ceramic 
2,000 V; C3 3.3 nF; C4 16 uF; C5 1 uF; C6 22 
nF; DI, D2 BAX16; D3 OA79; D4 BZY95/C30; 
TRI AFI18; TR2 BFI94.—G. W. Broekema, A 
New CRT-Grid Drive Circuit Using D. C. 
Restoration of the Unblanking Signal, Philips, 
Pub. Dept., Elcoma Div., Eindhoven, The 
Netherlands, No. 326, 1968. 
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INTENSITY 


PILOT LIGHT AND BIAS REGULATOR—Single 
neon lamp acts both as pilot light and as bias 
regulator for grid 1 of the crt.—E. Bauman, 
“Applications of Neon Lamps and Gas Dis~ 
charge Tubes,” Signalite, Neptune, N.J., p 151. 


Vertical Yoke 


“STEN 


Vertical O- NWS 
Ramp Ris 
DYNAMIC FOCUS CORRECTION—Uses four 
OE] 5122 low-level four-quadrant analog 
multipliers feeding 9125 opamp to produce 
output equal to sum of squares of vertical 
and horizontal position voltages, for apply- 
ing either to appropriate grid of crt or to 
dynamic focus coil located on neck of ert. 
Circuit also provides dynamic deftection cor- 
tection by placing suitable nonlinear transfer 
function in feedback loop of deflection am- 
plifier. Will operate at up to 15 kHz hori- 
zontal deflection rates. Values of input 
summing resistors should be compatible with 2 
deflection amplifiers used (VDA and HDA).— Va 
Dynamic Focus Correction With Analog Func« 
tion Modules, Optical Electronics, Tucson, 
Ariz., No. 10127. 
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HORIZONTAL PREAMP—Used in wide-band 
cro having maximum sweep rate of 5 ns per 
cm. Includes switch for expanding chosen 
shift part of horizontal scan ten times. Symmetri- 
5k cal emitter-follower stages provide required 
impedance transformation without distortion 
of sawtooth input or horizontal shift input.— 
F, G. Oude-Moleman and K. Hart, A Transis- 
torized Horizontal Deflection Amplifier for 
Wide-Band Oscilloscopes, Philips, Pub. Dept., 
Elcoma Div., Eindhoven, The Netherlands, No. 
317, 1967. 
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MILLION-MEG SCOPE PROBE—Insulated-gate 7 
fet as input stage of oscilloscope probe gives 


PARAPHASE AMPLIFIER—Adding transistor 
unusually high input impedance of 1,000,000 


meg in parallel with 2 pF, although at ex- 
pense of higher output noise than when using 
junction fet in probe. Gain is unity.—E. J. 
Kennedy, FET Used For Unity-Gain, High- 
Impedance Scope Probe, Electronic Design, 


eliminates need for negative supply voltage 
and improves balance of output signal ampli- 
tudes for electrostatic cathode-ray tubes.—P. 
Salomon, Transistor Replaces Supply in CRT 
Amplifier, Electronics, Nov. 13, 1967, p 102— 
103. 


Aug. 30, 1965, p 46~47. 
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Q10, Q11—2N3638 
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SWITCH — IsVv 
“l= BATTERY 
TIMING OUTPUT 4.7 K Spa9 
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LOW-OUTPUT Z 
Ou eur AeeuLaTS +10 +10 
BUFFE OR 

TIME-MARK GENERATOR—Uses 13 transistors 


to provide accurate calibration points of 1, accuracy is provided by 1-MHz crystal oscil- 
5, 10, 100, 1,000, and 10,000 us for calibrat- lator QI. Regulator 
ing horizontal sweep of oscilloscope. Primary 


regulated power supply is used.—R. G. Tee- 


transistors Q10 and ter, Scope Sweep Generator, Electronics World, 
Ql1 can be omitted if mercury battery or Feb. 1967, p 80—81. 


SYNC. INPUT 
TO 
CHANNEL B 
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SUPERIMPOSED TIMING SIGNAL—Circuit ap- 
plies known fixed frequency {in range of 5 
to 200 MHz) from crystal oscillator to hori- 
zontal sweep of crt being used for displaying 
burst data, for accurate measurement of dura- 
tion, amplitude, and steepness of pulse trace, 
Transformer used has several different cores, 
to permit changing oscillator without having 
to change tuned r-f transformer. Value of 
Rs is chosen to protect transformer from max- 
imum 20-W power of oscillator.—P. Allen, 
Multi-Core Transformers Boost Bandwidth, 
Electronic Design, Feb. 3, 1964, p 30-32, 
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DECIMAL] GOUNTER 9310 


Voc. OUTPUT TO 
CHANNEL A 


TO SCOPE 


MODULO 10 COUNTER 


CODED REFERENCE WAVEFORM—Pulse gener- 
ator connected to sync input of cro can be 
driven either by master clock of digital sys- 
tem or by any external signal source. If 
period in seconds of reference waveform is 
known, then delay in pulse on cro trace can 


OSCILLOSCOPE DISPLAY 


O1234367980 


be measured directly by projecting leading 
edge of pulse down to reference waveform 
and reading delay in increments of clock {in 
us if clock is 1 MHz). Reference waveform, 
as generated by IC units shown, has long 
pulse marking beginning of each period. 


t, =to +906 


SYNC. 


Following four bit positions determine most 
significant digit in hexadecimal cade. Two 
more four-bit decimal codes follow.—J. L. 
Nichols, Reference Waveform Adds to Scope’s 
Measuring Capability, Electronics, Dec. 22, 
1969, p 77-78. 
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SOyrES,  150-MHZ CRO HORIZONTAL PREAMP—In- 


transistor pair gives effective input impedance 
of 1,200 meg in parallel with 3.5 pF for 
unity-gain probe to be used in extremely high 
impedance circuits. Can handle up to 2-V 
input signals of either polarity without ap- 
preciable distortion. Low power drain of 
input fet permits battery operation.—E. J. 
Kennedy, FET Used For Unity-Gain, High-Im- 
pedance Scope Probe, Electronic Design, Aug. 


cludes phase inverter, provisions for X-expan- 
sion and shift, and sufficient output for driver 
stage of horizontal amplifier in oscilloscope 
having sufficient bandwidth for detailed study 
of fast transients, Requires sawtooth with 
3.26 V p-p and peak current of 3.58 mA at 
input going to base of TRI.—K. Hart and F. 
G. Oude Moleman, Horizontal Deflection Am- 


30, 1965, p 46-47. 


Xm™R stn (Wb +p) =R (sinvcosp + coswsino) 


Ye R cos (p +p) = R (cospcasp ~ sinwsino) 


PP! TO X-Y SCAN CONVERTER—Polar input 
from radar ppi display consists of azimuth 
heading angle psi, direction angle rho of 
radar antenna with respect to direction of 
target travel, and range or distance R, Out- 


plifier for 150 MHz Oscilloscopes, Mollard 
Technical Communications, Sept. 1968, p 167— 
174. 


R Is a 410 volt 
OC to 100 kHz 


erator and other modules shown, in accord- 
ance with trig relationship given below circuit. 
Polar Coordinates to Rectangular Coordi- 
nates Scan Converter, Optical Electronics, 
Tucson, Ariz., No. 10155. 


put voltages X and Y, each up to 10 V full- 
scale in either polarity, are derived from 
polar coordinates with OEI sine function 
modules in 360-deg sine-cosine function gen- 
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~22V 


RANGE GATE 
INPUT 


i 


INPUT 


OUTPUT 


PPE SWEEP GENERATOR—Two Fairchild 1C 
opamps connected identically for X and Y 
axes (only one shown) generate waveforms 
required for radial plan position indicator dis- 
play. Advantages are high linearity, uniform 
bilateral integration, rapid reset time, and 
sufficient output for deflection driver. IC 
opamp is connected as independent integrator 


that is diode-clamped to zero until range-gate 
pulse arrives and allows sweep waveform to 
start. Values shown give several thousand 
radial sweeps for 40-rpm antenna.—D. E, Lan- 
caster, The Integrated Operational Amplifier: 
A Versatile and Economical Circuit, “Micro~ 
electronic Design,” Hayden Book Co., N.Y., 
1966, p 189~194 


+\e 
42v 


tHiGH 
VOLTAGE 


INTERLOCK 


Ky 
SIGMA 
22RUCC 


0 2500G6-SIL 


: {N750A Ro ee —-—— 
ons aa 
FILAMENT QNA7H 
J 
Os | 
1N4656 | 
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PROTECTIVE INTERLOCK—Protective circuit is 
activated, te prevent application of high volt- 
age te cathode-ray tube, for four possible 


Nn th es a ete Pads INVERTER! 4 


system faults: (1) Low filament supply volt- 
age; (2) High filament supply voltage; (3) 
Open filament feed lines; (4) Shorted filament 


feed lines.—K. E. Springer, Interlock Protects 
Display Tube, Electronics, Sept. 19, 1966, p 
125—126, 
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O.22pt 


470 


TRANSIENT-WIDENING NETWORK—Simple, in- 
expensive differentiator and voltage doubler 
together serve to detect and widen narrow 
and fast nonrepetitive transients that may 
occur on either side of a-c power line. Stor- 
cage capacitor at right of diodes charges al- 


LOW-COST CRO VERTICAL PREAMP—Boot- 
strapping of differential fet-input preamp 
gives common-mode-rejection ratio of over 
100,000 to 1 {100 dB), from d-c to 10 kHz. 
Designed for use in Hewlett-Packard Model 


1200 series 


BOOTSTRAP 
AMPLIFIER 


B A=1 
10k 


low-frequency 
Transistor types sre not given in article. 
With unity-gain bootstrapped preamp, com- 
mon-mode signal appears equally on each 
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OUTPUT 


CR-! 
IN3067 
CR-2 


e) 
COM. 


most completely in 400 ns and holds its charge 
for over 200 ys to give at least 500-to-1 
widening and brightening of scope trace.—P. 
Lefferts, Differentiator-Divider Network Ana- 
lyzes Power-Line Transients, Electronic Design, 
Dec, 6, 1965, p 52 and 54. 


-50V 
© OUTPUT A 
S RANGE ATTENUATOR 
102 to « 
© OUTPUT B 
~50V 


oscilloscopes. terminal of input fet, virtually nullifying am- 


plification of this signal.—J. E, Kluge, Boot 
strapped Preamp Exhibits High CMRR, EDN, 
Mar. 1, 1970, p 61—62. 


NOTE: To locate additional circuits in the category of this chapter, use the index at the back 
of this book. Check also the author’s “Sourcebook of Electronic Circuits,” published by 


McGraw-Hill in 1968. 


CHAPTER 12 
Chopper Circuits 


DC INPUT 


Q3 
HRN8318D 
100K 


N8318D 
100K 


af 


All switch 


SMn 


S00kn 


S0k.n 


Ska. 


BALANCED CHOPPER—Used here as combina- 
tion microvoltmeter and microammeter. A-c 
amplifier can be discrete components or IC 
having power gain of 86 dB, bandwidth of 
20 Hx to 150 kHz at 3 dB down, and p-p 


| 2.0nF 


resistor values to be 


within a tolerance of t1% 


ALC, 
AMPLIFIER 


noise less than 10 uV referred to input. 


Chopping frequency is 1.5 kHz. Input imped 
ance on voltage ranges is 10 meg per V. 
Requires regulated power supply providing 


217X330 


sk 25140 
Sonn Cee] tee CA ire] tltesead 
6.8kn 


Fa, 
AW, = 
Q2 
HRN8338D 
oo = 
Q5 
HRN1O30 | +5i0pt 
= 
OUTPUT 


SERIES-SHUNT CHOPPER—Series switch Q1 
and shunt switch Q2 are driven by astable 
mvbr Q3-Q4 for detection of signal levels as 
low as 30 “V and amplification by opamp. 
Demodulator Q5 is simple series switch. Ar- 
rangement gives stable and accurate detec. 
tion of very small d-c signals.—C. R. Perkins, 
“Application of MOSFET Devices to Electronic 
Circuits,” Hughes, Newport Beach, Cal., 1968, 
p 22. 


JO0pA -0 =100 pA 
VR3 g METER 
SkAz 


ov 


12 V at about 35 mA, Accuracy depends on 
initial adjustment procedure, as given in re- 
port.—E-Line Transistor Applications, Ferranti 
Ltd., Oldham, Lancs., England, 1969, p 46. 
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SWITCHED CIRCUIT 6 


DC INPUT >————— 


D-C MODULATOR—Useful for modulating or 
chopping low-level d-c signals for further am- 
plification or for detection of d-c level. Left. 
hand pair of mosfets forms astable mvbr 
whose period of oscillation is determined by 
values of Rand C used. Mvbr output drives 
simple shunt masfet chopper switch, while 
mosfet at right provides signal gain and 


= 


transforms high impedance of chopper to low t+ Poe 
impedance for a-c output.—C. R, Perkins, ““Ap- 
plication of MOSFET Devices to Electronic Cir- HRN8338D HRN8338D 


cuits,” Hughes, Newport Beach, Cal., 1968, 
p 21. 


MULTIVIBRATOR 


Ew 


CHOPPER 


Le ee ree ae cree ae cn 
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CHOPPER-DRIVER—Switches at rates from d-c 
to 10 kHz, with output completely isolated 
from input control signal just as in conven-~ 
tional relay. QT is 10-MHz common-base 
oscillator receiving bias from input logic sig- 
nals. Rectified and filtered transformer sec- 
ondary voltage controls bipolar switch Q2- 
Q3 having ON resistance of about 20 ohms 
and OFF leakage below 1 “A. Transformer 
is wound on Arnold A4-134P toroidal core.— 
J. &. Frecker, Solid-State Relay, EEE, June 
1967, p 136, 


—24Vv 


HRN8318D HRN8318D 


AC AMPLIFIER 


Q 
2N2432 
wera 
Ros Q3 
2N2432 
Qe 
2N2946 
BALANCED CHOPPER MODULATOR—Connect- 
ing transistors in inverted mode gives much Q4 
lower offset voltage, eliminates need for 2N2946 


matched transistor pairs, and operates with 
only one secondary winding on transformer. 
Useful in chopper-stabilizing amplifiers, f-m 
oscillators, regulated a-< power supplies, and => 


Ru 


synchronous modulators and demodulators, 
Chopper transistors produce saturation volt. 
ages of 2 to 4 mV, as compared to 0.2 to 
0.4 V for other modulator designs.—R. C. 
Scheerer and J. Logis, Inverted-Mode Transis- 
tors Give Chopper Low Offset, Electronics, 
March 30, 1970, p 96. 


CHOPPER 


Olt Rout *8K be 
gD emia OOUTPUT 
RinvlSMeg~ CAIN*-1000 O.luf Ae 


FET CHOPPERS GIVE GAIN OF 100—Input fet 
chopper is driven by sine wave, and output 
by 4-V p-p square wave. Input current is 
less than 20 pA, input impedance is 33K, 
and offset is less than 4.5 «V at room tem- 
perature. Any IC amplifier having gain of 
1,000 can be used.—DC Amplifier With FET 
Chopper, Electronic Design, April 13, 1964, p 
66. 


10-khz SQUARE WAVE 


420N 


TWO HP 5082 4610'S 
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LAMP DRIVER FOR CHOPPER—Used with full- 
wave laboratory-type photoelectric chopper 


amplifier. Lamps are neons.—The Dual Pho- 
tocell, Hewlett Packard, No, 924, 


CHOPPER STABILIZATION—Four mosfet’s in 
double-twin 10-kHz chopper are used to 
stabilize opamp integrator to give required 
accuracy of 0.1%, increase gain of opamp, 
and reduce drift. Integrator operates in 2 
minutes for standard slow computing time, 
and in repetitive periods of 100, 50, 25, 12.5, 
10, 5, and 2.5 ms for fast operation, Overall 
gain of chopper-stabilized opamp is 125 dB 
and input impedance is 20K. Used in IC ana- 
log computer.—K, Kurokawa, All-IC Hybrid 
Computer Eliminates the Patchwork from Pro- 
graming, Electronics, March 17, 1969, p 100— 
107, 


FULL-WAVE PHOTOELECTRIC—Uses pair of 
dual photocells in push-pull for both modula~ 
tor and demodulator, to minimize noise for 
laboratory applications.—The Dual Photocell, 
Hewlett Packard, No. 924. 


Var 


[L/-——_ Two HP sog2 4610's 
cx 
~ 
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FAST SWITCH—Chops analog signals by using PULSE TRANSFORMER 


output of pulse-saving network (C1-D1) to 
switch fet on and off, without introducing 
common-mode noise, Pulse transformer can 
maintain 6-V on or off signals for over 100 
ms. Transformer is Pulse Engineering Co, Hey 


model 2228.—C. A. Walton, Pulse-Saving Net- ocr 


work Permits Signal Switching, Electronics, 
Sept. 18, 1967, p 108-109. 


1002S CALIBRATE 


1.35V 


REF CELL __SANGED TO SERVO MOTOR 
IK > ZERO 


POSITION an BI 
coach 3-TURN 
GONTROL sensitivity PRECISION 4... 
CONTROL a 
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‘ita Permecmerees a 
: c4 ce ! 
' 
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B3 /2 12AX7 


if 


1k 


Q4 
2N2926 
eo 
(i 
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22k 


CHOPPER 


1 
2N2368 


~45y 


TRANSFORMERLESS WIDEBAND CHOPPER 
Provides high isolation and reliable operation 
over wide range of markespace ratios and 
repetition frequencies. During positive half- 
cycles of square-wave chopper drive, signals 
are transferred from A to B, but blocked dur- 
ing negative half-cycles.—-H. Riddle, Trans- 
former is Eliminated in Transistor Chopper, 
Electronies, Dec, 22, 1969, p 77. 


ey = ANALOG 
VOLTAGE 


SERVO-DRIVEN PEN—Uses potentiometric 
metering system, in which input voltage is 
continuously compared with reference voltage 
from mercury cell by means of 3-furn slide 
wire pot ganged to servo motor. Voltage 
difference is chopped, and resulting a-c volt. 
age is amplified. Second pot, at left, is used 


NEXT to set marking pen at any desired point on 
STAGE strip chart paper for zero input voltage. 


Four stages of amplification round off corners 
of square-wave chopper output so drive for 
servo is practically sine wave,—E. Leslie, Low- 
Cost Strip-Chart Recorders, Radio-Electronics, 
June 1965, p 58-59. 


+320V 
LAMPS: LT2-27 -1 


27K 


PHOTOCELLS; 
CLAIREX CL603A 


-——> 


20-HZ PHOTOCHOPPER—Four neons in astable 
mvbr act on four photocells to provide syn- 
chronous chopping at 20 Hz. Developed for 
use in voltmeters and chopper-stabilized 
power supplies.—W. G. Miller, “Using and 
Understanding Miniature Neon Lamps,” H. W. 
Sams & Co., Indianapolis, Ind., 1969, p 68. 
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NONINVERTING CHOPPER OPAMP—Nonin- 
verting mode of operation gives greatly im- 
proved accuracy when handling signals from 
high-impedance sources. Applications in- 
clude microvolt measurements in biological 
and sesearch applications. Maximum cur- 
rent drift of opamp is 10 pA per degree C 
and common-mode rejection ratio is 300,000. 
Report also covers differential and off-ground 
applications, and use with bridge signals.— 
P. Zicko, Designing With Chopper Stabilized 
Operational Amplifiers, Analog Devices, Cam- 
bridge, Mass., 1970. 


INPUT NOISE =~ 0.4 wV 
INPUT DRIFT 0.354% V/°C 


RxtOOK A-C 
RxIOOK 
CURRENT } SALANCE 


OUTPUT TO 
OIFFERENTIAL 
AMPLIFIER 


CHOPPER 
cOMANSISTOR™ TRANSISTOR INPUT NOISE 250 yV 


Oe 
NOISE CANCELLER—Arrangement provides al- INPUT DRIFT 412.7 yW/°C 


most complete cancelling of switching spikes 
and voltage offsets. Dual emitters of chop- - - 


per transistor convert these noise sources into INVERTING-ONLY CHOPPER OPAMP—Used 
common-mode noise, which is rejected by for high-accuracy low-level measurements 
differential amplifiers. W. Holcomb, F. Opp, where low noise and low drift are major re~ 
and J, A, Walston, Low-Noise Chopper, Elec- quirements, as when measuring signals from 
tronic Design, Jan, 6, 1964, p 78. 100K precision pot. Common-mode  rejec« 
tion ratio is 300,000,—-P. Zicko, Designing 
With Chopper Stabilized Operational Ampli- 
fiers, Analog Devices, Cambridge, Mass., 1970. 


Qi 
2N3854 


Vac o—) o -6V 


TRANSFORMERLESS CHOPPER—Uses differen- 
tial amplifier Q1-Q2 and constant-current 
source Q3. Differential input stage has good 
temperature and drift stabilization. For opti- 
mum conversion of very small d-c signals, 
differential amplifier should be operated at 
currents of about 10 wA.—A. C. Caggiano, 
Transformerless Chopper Circuit Built With a 
Differential Amplifier, Electronic Design, Oct. 
+H2V 11, 1967, p 106. 
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QC, Tr 
2N2432 2N2432 


TO SYMMETRICAL 
CIRCUIT FOR FULL 
WAVE DEMODULATOR 


AMPLIFYING LOW-LEVEL D-C—Chopper-am- 
plifier converts d-c signal to a-c at 400 Hz, 
passes signal through a-c narrow-band am- 
plifier, and synchronously demodulates to 
give amplified d-c signal. Zener in chopper 
switching leg suppresses transients and mini- 
mizes drift and offset errors.—T. B. Hooker, 
Zener Diode Aids Chopper in Demodulator 
Application, Electronic Design, April 12, 1965, 
p 56-57. 


~REF (10. V) 
> 


INPUT O 


~BIAS (2X REF)(20V) 
Oo 


Rp (2X R)) 
20k 


a, ON 
DIGITAL-ANALOG CONVERTER—IC chopper 
Q2 acts as spdt switch operating from 
single-polarity drive between logic levels of 0 
and +3 V, to give digital-to-analog conver- 
sion without complex drive circuit or multi- 
plicity of supply voltages, Input terminal is 
connected to leg in ladder network, for switch- 
ing between ground and minus reference 
voltage.—Integrated Chopper Forms Simple 
Digital-to-Analog Converter, “Microelectronic 
Design,” Hayden Book Co., N.Y., 1966, p 
135. 


NOTE: To locate additional circuits in the category of this chapter, use the index at the back 
of this book. Check also the author’s “Sourcebook of Electronic Circuits,” published by 


McGraw-Hill in 1968. 


CHAPTER 13 
Clock Circuits 


TYPICAL 
PROGRAMMING 
CIRCUITRY 


a 
o 


Ty 
ot 


2-10,000 HZ PROGRAMMABLE—Repetition 
rate can be programmed over four decades 


by input current changes, 


Works with 3.6 V 


RTL logic. Linearity of current-frequency con- 


COUPLING TO TTL—Single fet replaces two 
or more driver stages and atlows clock gen- 
erator to operate from same 5-V supply as 


Crystal oscillator provides 4-V p-p sine 
wave at 12 MHz.—C. S. L. Keay and I. C. 


© PULSE 
OUT 


R. W. Fergus, 


ODISABLE 


version is about 1% from 0,1 to 100 uwA.— 
Wide-Range Programmable 
Clock for Low-Voltage Logic, FEE, Sept. 1969, 


SN7400 


Graham, FET Links Oscillator to TTL Circuit, 
Electronics, Feb. 17, 1969, p 97. 
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@® 4p 50-100 P% 


LAL. 


RESYNCHRONIZER—Ujt @4, triggered by one- 
shot mvbr G1-G2-G3-Q2, reconstructs clock 
signal from incaming data, such as NRZ sig- 
nal, that has no accompanying clock. NAND 
gates keep cost far below that of packaged 
one-shot. Designed for data rate of 30 kHz, 
though maximum operating frequency is 50 
kHz.—F, Badal, UJT Oscillator Reconstructs 


DATA 
INPUT 


Clock Signals, EEE, Aug. 1968, p 140. 


124k 


2Ni130 


Te 


+5V 


NONSYMMETRICAL ASTABLE—As waveform 
indicates, transistor conducting times are 
made unequal by making cross-coupling ca- 
Pacitors Cl and C2 unequal. For values 
shawn, one transistor conducts for only 20 us 
out of total period time of 120 ys. Fre« 
quently used as clock for frequency control, 
Collector waveform is shown.—A. C. Gillie, 
“Pulse and Logic Circuits,” McGraw-Hill, N.Y., 
1968, p 213. 


Output to 
® clock 


li?vac, 
30eps. 


24-HOUR CLOCK—~Frequency divider cuts 60- 
Hz line frequency to 30 Hz for driving stand- 
ard electric clock at half speed, so hour hand 
takes 24 hours for one revolution, With ap- 
propriate change in clock face, Greenwich 
Mean Time can be read directly. CR4 is any 
top-hat diode rated at 400 piv and 750 mA, 
Other diodes are 1N34, Q1-Q3 2N404, and 
Q4 is International Rectifier 50-V 2-A scr. 12 
is same as TI.—D, L, Jones, A 24-Hour Clock 
for the Shack, CQ, May 1970, p 20-21. 


RS +3.6V 


= 1/2 914 
OR 900 
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1 {OOkHz — 2MHz 
27pF | 


1 
1 
Ley 
' 2~lOpF 
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* 
ADJUST R2 SLIGHTLY TO OBTAIN SYMMETRICAL WAVEFORM 


DIGITAL CLOCK—Provides square-wave output 
of 0.2 to 3.6 V at any frequency from 100 
kHz to 2 MHz while requiring only 3.6-V d-c 
supply, Intended for digital logic applica- 
tions. Stability approaches that of crystal 
used.—L. Roque, Accurate Digital Clock Uses 
Inexpensive IC Gates, Electronic Design, Aug. 
16, 1969, p 242 and 244, 
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Siok 4700pt 


4 
oe eof! 


SOpr 
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100-KHZ CRYSTAL FOR CLOCK—Used with ten 
frequency divider stages to give pulse every 


half-minute for driving ratchet mechanism of 
7 to0ke/s 
battery-powered clock, Accuracy is about 1 CRYSTAL 
s per week. Report gives circuits for divider ood pt TTXS00 


stages and ratchet coil drive.—A Crystal Clock 
Using Plastic Transistors, Ferranti ltd., Old- 
ham, Lancs., England, No. 34, 1968, 


+12y 


CONTROL 
VOLTAGE 


470 470 


1-10 MHZ CONTINUOUSLY VARIABLE—Pro» 
vides good timing for digital system, and can 
also be used as voltage-frequency converter, 
With SN7400 TTL quad gate, frequency range 
of square-wave output is 1 to 15 MHz de- 
pending on constant-current source Q1-Q2 and 
value of C.—P. Westphal, Digital Clock Oper- 
ates in Low Megahertz Range, Electronics, 
Jan. 20, 1969, p 87. 


100-KHZ COLPITTS CRYSTAL—Operates from Q 
single 5-V supply, Consists of oscillator QT, ‘ 
emitter-follower @2, and DTL buffer gate. 

Output is square wave with rise and fall 

times under 50 ns. Will drive 25 DTL loads 

or 12 TTL loads, Stability is that of crystal. 

—D, Jones, Stable Clock Oscillators are DTL/ 

TTL Compatible, EEE, May 1968, p 123-124, 
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NOT-OR 
INPUTS 


pL96o! 


RG 3222 


cock 2} 


DOUBLE-TRIGGERED ONE-SHOT—With Ic 

gates connected as flip-flops, taking feed- 

back from one-shot back into triggering cir- 

cuit, circuit produces trigger whenever input 

clock signal changes state, or on both edges = 
of clock signal. Output is square wave at 

twice clock frequency.—P. B. Weil, Feedback 
Triggers One-Shot From Both Polarity Edges, 
Electronics, July 20, 1970, p 87. 


RG3222 
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MANUAL CLOCK PULSES~Useful for testing 
counters, adders, and other types of digital 
Eliminates effects of switch bounce 
that could cause false triggering. 
complementary set-reset voltages at collectors 
of QT and 2, and manual clock pulse each 
time mono is triggered by change in state of 
Q2 collector voltage from low to high. With 
2N706 transistors, total latching time is less 
than 200 ns.--T. Carmody, Low-Cost Manual 
Pulser, EEE, Oct. 1967, p 143~144, 


circuits. 
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Provides 
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22 
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+ 


SQUARE-TRIANGULAR CLOCK—Uses 
high-gain d-¢ amplifiers as clock providing 
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choice of two waveforms at frequency that 


is held constant within 2% over 50 deg C 
temperature range and 0.5-V change in sup- 
Second amplifier uses positive 


ply voltages. 


feedback to achieve precision trigger circuit. 
—R. C. Foss and B. J. Green, The SL700 Series 
and Applications, Plessey, Swindon, England, 


No, 7. 


PRE-~AMPLIFIER 


+9V 
NOTE: 
RESISTANCE (S IN OHMS, 
CAPACITANCE IS IN MIGROFARADS 
UNLESS OTHERWISE SHOWN, 
ALL TRANSISTORS TYPE. 2N769 
TDI2=TYPE TO-8A TUNNEL DIODE 
01,2,3,4,-TYPE HD~5001 DIODE 


DOUBLE-CLOCK MEMORY READ AMPLIFIER— 
Proper timing of clocks gives maximum signal 
gain for reading thin-film memory, with tran- 


—~O+ 
c3 135V 
a 
save RI a3 J. 
22h 2Nn2805 
Q2 
2N2219 a7 
{$ 
22K 
OUT Vee rr 
~ov 
2. a i —O R8 
47 
Plessey 
4 = 
500-KHZ CRYSTAL—Operates from single 
1,.35-V mercury cell and delivers 1 Vp-p 
square-wave output for clock generators, lab 
standards, or cro calibrators.~R. L. Billion, 
Crystal-Controlled Oscillator Operates From 
One Mercury Cell, Electronic Design, Nov. 8, 
1969, p 109. 
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| 
sient noise completely rejected in 
stage, 


output 
Clock signals are applied to tunnel- 
diode gate connected as Goto pair, simultane- 


ously with equal amplitude and opposite 
polarity. Read cycle time is 500 ns, rise time 
is 3 ns, and gain is 2,000.—-C. F. Chong, G. 
H. Guttrogg, C. S. Ih and A. A. Wicks, High- 
Speed Read Amplifiers For Thin Films, Flec- 
tronic Design, Aug. 3, 1964, p 38--40. 
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{CONNECT TO +5vde } 
“ 


MODULO 10 OR 4—Logic 0 input at point X 
makes digital counter function as modulo 4 
in electronic digital clock, as required when 
most significant hours digit becomes 2. 
When point X is logic 1 (5 V d-c), all four 
flip-flops count in binary sequence to give 
1~2—4—8 weighted binary-coded outputs al 
A, B, C, and D for modulo 10, Article gives 
truth tables.—I, P. Breikss, Control Signal De- 


O—> CARY 
(TO NEXT STAGE) 


CARRY 


i Modulo of "1" MODULO 10 OGicaL "1" Att BVAmeS wcease 
ermin t ~MODULO | LOGICAL “1” - SV L 5 
termines Modulo of EC Counter, EEE, Feb. ight MBA GLa baceortae et INVERTERS 74 MCBA6P 


1968, p 126 and 128. 


9+ 5V 


R4 


PROCESS CONTROL PULSER—Simple clock, 
using four-layer diode as timing control, pro- 
vides repetitive closures of relay at rates from 
1 to 600 ppm. Closure time is about 10 ms 
at all rates, Applications include cycling of 
components on life test.—D, T. Krausman, 
Four-Layer Diode Clock Has Relay Closure 
Output, Electronic Design, May 10, 1967, p 
92 and 94, 


CONTINUOUS TRAIN 
OF PULSES 


SLL LAS. 


GATE 
SWITCH 


IU. 
470 i= 2 MIC 932 _] OUTPUT 


1-MHZ COLPITIS CRYSTAL—Operates from 
single 5-V supply and provides output levels 
completely compatible with digital IC‘s. Fre- 
quency stability approaches that of crystal 
alone, from 0 to 70 C.—D, Jones, Stable Clock 
Oscillators are DTL/TTL Compatible, FEE, May 
1968, p 123-124, 
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a, 
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scr 
2N1595 last pulse desired. 
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1968, p 95-96. 
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GATE PASSES ONLY COMPLETE PULSES—Use 
of ser for ballast action insures that gate Q1 
will open only on teading edge of first clock 
pulse in train and close on falling edge of 
Prevents false synchroni- 
If gate switch 
is opened during pulse, circuit action con« 
tinues until pulse is completed.—R. A. Wilson, 
SCR Synchronizes Gate, Electronics, March 18, 
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+15V UP TO 34 MOS 
SHIFT REGISTERS 


Qo 
2Nn4125 


INPUT 


CLOCK-LINE ORIVER—tnductor L and transis- 
tor switch are connected in series with clock 
fine to form series resonant tank circuit ca- 
pable of handling 34 256-bit mos registers 
operating at clock frequency of 620 kHz, 
Lis 6.8 nH.—R. O. Brink, Resonant Clock-Line 
Driver for MOS ICs, EEE, April 1969, p 118 and 
120. 


DELAY LINE 
O.lus 1.0. 


5-MHZ DELAY-LINE WITH TURN-ON SYNC— 
Clock pulses always start in phase with lead- 
ing edge of input gate pulse, and always stop 
with trailing edge. Gives square-wave out 
put. Delay line is PCA Electronics type DL- 
1000-0.1-2289 having IK impedance and 100- 
ns delay. Circuit is designed for 5-V gate 
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o INPUT 
0,0) uF 


pulse. Eliminates possible range error of one 
count occurring with crystal-controlled clock 
oscillators.—P, E. Dingwell, Gated Delay-Line 
Oscillator Eliminates Range Error, FEE, Sept. 
1968, p 108 and 110. 


CRYSTAL-UJT—With quartz crystal connected 
between emitter and base of relaxation os- 
cillator, lock-in occurs at fundamental or 
submultiples of crystal frequency, External 
pulses are not required for synchronization. 
Serves as inexpensive 100, 50, or 33.33 Hz 
clock for digital systems, with high stability 
for both voltage and temperature variations. 
—R. G. Damaye, Quartz Crystal Synchronizes 
Relaxation Oscillator, Electronics, Jan. 9, 
1967, p 104. 


IMPULSE CLOCK DRIVE—Circuit receives nar- 
row pulse every 30s from frequency divider 
of battery-powered 100-kHz quartz crystal 
oscillator and delivers 300-mA current to coil 
of ratchet that advances clock hands half a 
minute. Output stage operates from separate 
1,5-V cell so negative pulses on its supply 
line do not affect earlier stages. Impulse 
clock used is made by English Clock Systems, 
a branch of Smiths Clocks.—A Crystal Clock 
Using Plastic Transistors, Ferranti Ltd., Old- 
ham, Lanes., England, No, 34, 1968. 


FROM STAGE IE 


+VepB = 20 


SIMPLE CLOCK—Use of quartz crystal in place 
of conventional capacitor in ujt relaxation 
oscillator gives low-cost clock for digital sys- 
tems. With 100-kHz crystal, clock has excel- 
lent stability at either 100 or 50 kHz. Shunt- 
ing crystal with several hundred pF gives 
33.33 kHz.—R. G. Damaye, Quartz Crystal 
Synchronizes Relaxation Oscillator, Electronics, 
Jan, 9, 1967, p 104. 
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CHAPTER 14 
Code Circuits 


J3 


MI 


69, 


IC CODE PRACTICE—Uses six transistors in 
HEP556 three-input gate to achieve reliability 
along with simplicity of construction. 
trols tone heard in phones MI. 
construction details.—“Integrated Circuit Proj- 
ects,” Motorola, Phoenix, Ariz., 1966, p 63-- 


R4 con- 
Article gives 


CODE-GENERATING C-W KEYBOARD—Gener- 
ates corresponding Morse code automatically 
when key for letter or numeral is pressed. 
Microswitches under keys control magnetic« 
core shift register in which astable mvbr QI- 


@Q2 runs continuously to provide shift and 
switching pulses. Article gives interconnec- 
tion diagram for shift register set windings 
that generate required combination of dots 
and dashes for each character, and gives con- 


details. 
about $130. Cl is 0.1 wk; CRI-CRIT 1N645; 


struction Cost of components is 
CR12 = 1N191; @1-Q2, @5-Q7, Q13-Q14 
2N1252; Q3-Q4 2N1131; Q8-Q11 2N404; Q12 
2N657.—H, Granberg, A Push-Button Keyer, 


CQ, Sept. 1964, p 28-31 and 92. 
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SWITCHING AUDIO TONES NOISELESSLY— 
Two-transistor circuit with 1:1 transformer 
makes key clicks negligible at switching 
speeds up to 50 bauds. Signal suppression 
during off periods is 70 dB. Operates well 
with up to 0.2 uF across switch contacts, per- 
mitting remote control of keying with long 
table.—J. M. Little, Transistor Switch For Click- 


less Keying, Electronics, Oct. 31, 1966, p 68. 
° SPEAKER 
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Th SPEAKER 
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CODE PRACTICE SET—R2 controls tone, Ear- 
phone can be plugged into phono jack #1. 
11 is output transformer having 500-ohm pri- 
mary and 3.2-ohm secondary, for driving 3.2- 
ohm 6-inch p-m speaker.—“A Modern Tran- 
sistor Workbook,” Radio Shack, Boston, Mass., 


1965, p 10. 
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Tiggoour 
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H7VAC 


KEY: 
BROWN UTL 


WITHOUT 
BASE OR BTL 
WITH BASE 


(BOTTOM VIEW OF IC's} 


transmitter keying circuit. Operating speed 


ELECTRONIC KEYER--Generates perfect Morse- 
code dots and dashes, with dashes always 
three times longer than dots and with each 
dot or dash self-completing even though key 


is released. Circuit uses Fairchild or ITT type 
923 JK IC flip-flops in combination with type 
914 dual RTL IC gates and three transistors. 
Keying-relay output may be connected to any 


is set by R20. Article gives construction de~ 
tails. R12 is about 21 ohms.—W, O. Hamlin, 
Build Perfect Electronic Keyer, Raclio-Elec- 
tronics, Nov. 1969, p 69~72. 
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3109 Volls 
ae they THREE-TUBE PRACTICE SET—Provides sufficient 


PRACTICE SET WITH SPEAKER—Any expensive 
pnp transistor may be used. 11 is Lafayette 
TR-109 transistor output transformer or equiv- 
alent,—“Electronic Circuits Handbook,” Vol. II, 
Cowan Pub. Corp., Port Washington, N.Y., 
1966, p 84, 


+9V 


© 


COMMON 
IC CODE PRACTICE OSCILLATOR—Current 


drain with key down is only 5.5 mA from 
9-V transistor radio battery. Values are: Cl 
0.47 wf; Ri, R3, R4 IK; R2 2K; phones 2K 
magnetic.—"Hobby Circuits Mangal,” RCA, 
Harrison, N.J., HM-90, p 59. 


loudspeaker volume for classroom use. 
Almost any other dual-triode and pentode 
may be used by changing pin connections and 
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MOTIONLESS KEY—Resembles and is operated 
like conventional paddle key but responds to 
slightest touch of either stationary paddle for 
triggering capacitance-sensing dot or dash 
generator of electronic keyer. Both paddles 
are grounded for d-c. Action is fast and re- 
liable with normally moist skin. For dry 
skin, glycerine rubbed between thumb and 
fingers will increase conductivity enough for 
reliable triggering. Article gives construc« 
tion details. A-c power supply and long- 
dash circuit (described in CQ, Feb. 1965, p 
59 and 104-105) are desirable options.—A, 
H. Jackson, The Touch-Key, CQ, Nov. 1964, 
p 28-31 and 137. 


» +180y, 


filament voltage. T1 is any 50L6-type out- 
put transformer.—/Electronic Circuits Hand- 
book,” Vol. 11, Cowan Pub. Corp., Port Wash- 
ington, N.Y., 1966, ‘p 85. 
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TYP OISPLAY CONTROL, 
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1 asaraas 5 (1300H1) 
. -_ | 
CODED AUDIO BEACON FILTER—Conventional i 
large and heavy tuned circuits for marker ‘2 5 
beacon frequencies of 400, 1,300, or 3,000 E 13] rh ME 
Hz are here replaced entirely by digital IC 


frequency counter. Counting and display 
periods are about 4 ms each. When gate 
control fine is positive, gate is closed, and 
previous count activates lamp corresponding 
to frequency. In typical 4-ms count, input of 
250 to 1,000 Hz gives count of 1 to 3 and 
purple light, 1,000 to 2,000 Hz gives 4—7 and 


amber light, and 
and white light. 


2,000 to 4,000 gives 8—15 
Lamps are disabled during 
counting period to prevent flicker—R. J. 
Battes, Digital ICs Serve as Audio Filters, EEE, 
Sept. 1969, p 131. 
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AUDIO FSK—Developed for radioteletype work 
on vhf bands, in which transmitter must be 
modulated at 2,975 Hz for space signal and 
at 2,125 Hz for mark signal. Frequency 
shift keyer circuit shown uses inexpensive 
components, is free from capacitive loading 
effects of keying circuit, has provisions for 


balancing mark and space output levels, and 
has good frequency stability, Space signal 
is transmitted when keyboard contacts are 
open, Article gives construction procedure. 
—R. P. Brickey, A Transistorized A. F. Shift 
Keyer, CQ, Nov. 1964, p 90-91, 124, and 
126, 


abe Sasu 


3.9K RATIO 


ELECTRONIC KEYER-—Generates self-complet- 
ing dash when paddle is pushed to left and 
released, Speed control determines length 
of dash, If dot is sent before dash is com- 
pleted, keyer automatically completes dash 


MORSE CODE PRACTICE—Simply plug tele- 
graph key into oscillator and learn Morse 
code, either privately using headphones or in 
groups using speaker, Article gives construc- 
tion details. Parts values are: RI-R2 62K; 
R3 5K; R4 5.6K; R5 6.8K; R6 TOOK; R7 50K; 
R8 15K; C1-C2 0.005 uF; C3 0.01 uF; C4 0.1 


2g00mi 
ov. 


and following space before producing dot 
and its space—H. J. Sartori, An Electronic 
Keyer for Every C. W. Operator, CQ, April 
1964, p 37-39 and 102. 


+ QVOLT 
B+ 


BF; Q1 HEP254; Q2 HEP253; speaker 100 
ohms.—“Solid State Projects Manual,’ Moto- 
rola, Phoenix, Ariz., 1968, p 21—26. 
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Jivvac. 
60% 


KEYING RELAY—With key and keying relay 
open, receiver contacts are closed and re- 
ceiver is operating, while grid of keyer tube 
is blocked by negative voltage. With key 
closed, monitor and transmitter are opera. 
tional, Use 500-ohm pot for cathode re- 
sistor of tetrode and adjust until oscillator 
functions, Diodes should be rated 300 piv. 
“Electronic Circuits Handbook,” Vol. 11, Cowan 
Pub. Corp., Port Washington, N.Y,, 1966, p 
84, 
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BOOSTING S/N RATIO—Input signals above 
predetermined threshold level make amplifier 
gain increase suddenly, to give effect of 
stretching signal amplitude. Used to improve 
signal-to-noise ratio of keyed c-w signal. 
Maximum gain is 25 and minimum fess than 
1. Rise in gain results from sudden decrease 
in reverse resistance of zener diode when 
voltage across it passes critical level.—J, 
Holland, Zener Diodes Control Amplitude 
Stretching, Electronics, July 10, 1967, p 83. 
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Comparator Circuits 
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SUMMATION 0 
tNPUT 


18Opps 
T=3psec 


ALGEBRAIC COMPARATOR—Input stage QI- 
Q2 adds pulses at inputs 1 and 2 algebrai- 
cally, and feeds inverse of algebraic sum to 
amplifier Q3, Time constants of positive- 
negative rectifier circuit D1-D2-R11-R12-R13 


Q3 Q, 
CO) ba 


BALANCE 


SUMMATION 4 
INPUT 


can be adjusted to accommodate various input 
pulse frequencies and widths. Voltage at 
emitter of Q5 in Darlington pair is adjusted to 
zero (without input) by R14 to compensate 
for drift, leakage, or transistor changes. D3~ 


TERNARY DECISION UNIT—Compares voltage 
levels on the two input lines and gives 0 or 
1 output depending on which input has more 
positive voltage. Input difference as small 
as 0.05 V will generate solid 0 or 1 output. 
Used in pattern recognizer developed by [BM 
for spoken words or graphic inputs. Tran- 
sistor and diode types are not critical.—G, L. 
Clapper, Machine Looks, Listens, Learns, Elec- 
tronics, Oct. 30, 1967, p 91~—102. 


v 
-28V 


D4 are Goto pair, Last stage has two out. 
puts, one for positive algebraic sum and 
other for negative.—A, J. Burdi, Pulse Com- 
parator Combines Versatility, Low Cost, Elec- 
tronic Design, March 2, 1964, p 60 and 62. 
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VARIABLE-FREQUENCY PHASE COMPARATOR but no outputs if other frequency ratios are nate, ouviput becomes constant logic 1.—1. 
Produces output pulse pattern with duty present. Logic state of output Q] is 0 as  Breikss, Shift Register Simplifies Design of 


cycle proportional to relative phase of two long as pulses arrive at f1 input or majority Phase Comparator, Electronics, Jan. 19, 1970, 
trains of input pulses having same frequency, of pulses are f1. When f2 pulses predomi. pp 93. 

Parts 

Hopper 

Alignment REF O 

funnel 

914 
Teat —” (Limits) 
Fixtyre 


GO-NO-GO IC TESTER WITH HOPPER SORT— 
OE! Model 5233 IC comparator provides three 
outputs, depending on whether electrical 
characteristics of product under test are above, 
below, or within preset limits, Parts drop 
one by one into test fixture designed for 
automatic contact and measurement, with IC 
actuating solenoid of flapper that guides part 
2 into correct hopper after test. If part is 
iN solenoid within tolerance limits, it drops straight 
B 


2N3055 


Paso Ink Pad through into GO hopper. Ink pad at each 
cs hopper provides automatic color coding. If 
\ ut / part fails all three tests, it is guided into 
fault or junk hopper, Test fixture may pro- 
‘ye\. = - - EE see vide reset command signal for dropping next 
Th solenoid & port after receiving signal indicating that 
py lnk Pad s part has fallen into appropriate hopper.— 
LO Using « Comparator for Production Selecting, 
iw Optical Electronics, Tucson, Ariz., No. 10102. 
a Ink Pad 
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COMPARATOR IMPROVES RATE METER—Addi- 
tion of comparator Q1-Q2 to rate meter im- 
Proves measurement response time. Output 
emitter-follower Q3 delivers voltage propor- 
tional to repetition rate of input pulse train 
from preceding mono mvbr, with comparator 
serving to prevent input ripple from affecting 
output.—D. Wasserman and G, Parker, Com- 
parator Increases Rate Meter’s Response, Elec- 
tronics, May 11, 1970, p 100. 


TTL 
OUTPUT 


MAGNETIC 
PICKUP 


IG FOR MAGNETIC PICKUP—Universal {C volt- 
age comparator will drive logic circuits, 
lamps, or relays up to 50 V at 50 mA, under 
contro! of pulses from magnetic pickup or 
other pulse source.—Detector for Magnetic 
Transducer (National Semiconductor ad), Flec- 
tronic News, June 8, 1970, p 117. 
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COMP 


LaF 
INPUT 
30-mV—10¥ PEAK 


SIGNAL-IDENTIFYING LAMPS—A-c/d-e polarity 
indicator in parallel with input of signal 
Processing circuit turns on red lamp when 
input signal is positive, green lamp when 
negative, and amber lamp when input is a-c. 
Circuit functions by comparing input voltage 
to zero in IC comparator. Below 10 Hz, red 
and green lamps will flash alternately. Op- 
erates up to 1 MHz.—R. C. Gerdes, Compora- 
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SCS STORES HIGHER OF TWO VOLTAGES— 
Silicon controlled switches (ses) Q1 and Q2, 
connected as differential amplifier and regen- 
erative switch, sense channel having higher 
instantaneous voltage and store result. 
Threshold sensitivity is about 5 mV. Common- 


azvee.con ®) 
ezvss-covae) 


mode voltages can be up to 1 V in either 
polarity. Article describes operation in detail 
and suggests modifications for other applica- 
tions.—T. P. Sylvan, SCS Linear Amplifier Gives 
Threshold Switching, Electronic Design, Jan. 
20, 1964, p 78~79. 


ZERO DETECTOR—Uses Philips TAA241 differ- 
ence amplifier as comparator or zero detector. 
If input voltage Vi is greater than reference 
V, voltage, output is about —5 V; if input is 
below reference, output is +10 V, 
reference is required, ground input terminal 
temporarily and adjust pot to compensate 
for offset voltage. 
connected as shown, output voltages will be 
symmetrical at +5 V and —5 V.—J. Cohen 


If zero 


If optional zeners are 


| and J. Oosterling, Applications of a Practical 
D. C. Difference Amplifier, Philips, Pub, Dept., 
Elcoma Div., Eindhoven, The Netherlands, No. 
321, 1968. 
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tor Steers AC/DC Polarity Indicator, EDN, Dec, 
1, 1969, p 64, 
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120 VAC 
60-~or 
400 ~~ 


Window 


Comparator 
4021/25 


RESISTOR GRADER—Uses Burr-Brown 4021/25 
window comparator fed by 3061/25 differen- 
tial-input instrumentation amplifier and 
Wheatstone bridge containing unknown re- 


sistor. 


test. 


TRIGGER CHOOSES HIGHER OF TWO VOLT- 
AGES—When used as comparator, circuit can 
decide which of two voltages in range from 
0 to 12 V has the greater numerical value 
when one is positive and the other negative. 
When positive voltage is greater, Q3 is cut 
off and Q4 is saturated, When negative is 
greater, trigger Q3-Q4 flips over so Q4 is cut 
off and Q3 is saturated, Differing output 
voltages will then indicate which input is 
greater. By adding potentiometer to positive 
input terminal, as shown by dashed lines, cir- 
cuit will act as Schmitt trigger in which trip 
point is equal to voltage-level setting of pot. 
—S. Stuhr, Wide-Range Trigger Compares Ab- 
solute Values, Electronic Design, Jan. 6, 1944, 
p 85—86. 


INPUT { 


INPUT 2 


ADJUSTABLE-SENSITIVITY ANALOG COMPA- 
RATOR—Adijusting voltage $ gives sensitivity 
range of 0.2 to 2 V. Binary I output occurs 
when the two inputs are equal within sensi- 


Pulse outputs of comparator provide 
convenient way of obtaining low, in-toler- 
ance, or high indications for resistor under 
Used for matching pairs of resistors 


INP 


tivity margin. 
for preprocessing analog information, chiefly 
photos and graphs, while converting to digital 
signals under computer control.—W. J. Pop- 


to within 1% accuracy. Article discusses 
operating procedures for matching to within 
0.01%,—Instrument Amplifiers,” Burr-Brown 
Research, Tucson, Ariz., PDS-207C, 1969, p 24. 
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pelbaum, M. Faiman, and E, Carr, Paramatrix 
Puts Digital Computer in Analog Picture, and 
Vice Versa, Electronics, Sept. 4, 1967, p 99— 
108. 


Used in Paramatrix system 
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Iv 
° © Out 
-15V 0 ~O.7V 
eee ae 1Ng001 
Olt | 
ALS -15V 
= = SINGLE-OPAMP VOLTAGE COMPARATOR—By 
VOLTAGE COMPARATOR FOR 2 MHZ—Highly interchanging eames ei be made inverting 
sensitive tunnel-diode comparator detects or. ‘peninverting. Ro neeeP. operation: “de- 
sures fast response. Tying zener between 
5-mV change from on to off state. Tunnel d d limi level h 
diodes are biased as flip-flop, with bias output and ground: Smits output ae fo iat 
A ; acceptable to saturated logic families.—K. 
chosen so 0.8 mA is required to make them aoe ‘ 
: ; ‘ ‘ Huehne, The Continuing Dominance of the 
switch, If output is required when input o ional Amplifier, “Si f-the-Art—Li 
is above 1 V, R1 is adjusted to make diodes eae aah si ae sae fe Pian ae 
switch at this point.-N. Marchese, Voltage ee jotorola, Phoenix, Ariz., 1969, 
Comparator Uses Tunnel Diode Flip-Flop, “400 Pree 
Ideas for Design Selected from Electronic 
Design,” Hayden Book Co., N.Y, 1964, p 163. 
90CV 
LAMP CALIBRATOR—Two photocells, 90CV 
red-sensitive and 92AV blue-sensitive, form 
part of bridge circuit in which electronic 
voltmeter serves as null detector, Used to 
dark current compare color temperature of service lamp 
cy against that of standard calibration lamp 
mounted side by side in image-converter-tube 
tester. Report gives calibration and meas- 
urement procedures.—G. P. Brouwer and A. 
G. Geurts, An Instrument for Measuring the 
Sensitivity of Photocathodes, Philips, Pub. 
Dept., Elecoma Div., Eindhoven, The Nether- 
7250008 +~«=Cs ands, No. 323, 1966, 
30V 60V 
PUSH TO Ly L2 
READ 4 
“®| | O» v6 fe 
Q3 oe 
Vz216V ee 
Berra [eee 
r (REFERENCE 
ose(F) Q) ps, 28 DC) 
ViO—O Ry : 
VeO—-O, + Vin 1/4 UTR-62 
V30--0 ! + +——+ 
VgO—O D De 
: Vz 16V 
VyO—-O 


oy 
ALL BULBS :GE330,12V DC 2N3638 


| 


GO-NO-GO WITH READOUT—Compares moni- 
tored voltages with reference voltage and 


energizes lamps DS§1-DS2 to indicate continu~ LIGHT COMPARATOR—Permits matching of 
ity. For open circuit, DS3-DS4 are on, Lamps two unknown light sources or one unknown 
are paired for redundancy, so circuit gives with standard. Circuit is initially nulled with 
unambiguous indication even if one lamp R3. Photocells are S$Q2508; R1-R2 15K; R3 
fails.—W. A. Magee, Voltage Comparator with 25K; meter 50-0~—50 uA 2K; battery 1.4 V.— 
Visual Readout, EEE, May 1969, p 118 and “Solid State Photosensitive Devices,” RCA, 


120. Harrison, N.J., p 24. 
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DIFFERENTIAL AMPLIFIER—Can detect and 
react to input changes in as little as 100 ns. 
Output can be switched from logic 0 to 1 in 
less than 63 nA. Temperature stability is 2 
nA per deg C. Can be driven by clock pulse 
for synchronous comparison, Differential am- 
plifier Q1-Q2 provides comparator function 
and Q3 is buffer for driver Q4,—R. Becker, 
Inexpensive Comparator Reacts in 100 Nano- 
seconds, Electronics, Sept. 2, 1968, p 70. 


2N3390 
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HEAT SINK 


SIGNAL AMPLITUDE REGULATOR—Holds signal 
amplitude constant within 0.1 dB when input 
signal of telecommunications system is fluctu- 
ating plus or minus 10 dB. This regulation 
is maintained over temperature range of —10 
to 60 deg C despite use of unselected com- 


ponents. 
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D-C TRANSFORMER FOR CONTROL LOGIC— R, 


Operates without common ground. When 
240-V_ supply voltage drops below 230 V, 
less then 2.3 V is applied to inverting input 
of IC comparater, and it switches and ener~ 
gizes output logic through Q1.—T. J. Carmody, 
Comparator and A-C Coupling Provide D«C 
Transformer Action, Electronics, June 8, 1970, 
p 98, 


240v RIN 


-28v RIN 


Ql is output stage of ‘amplifier 
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243k 2N3904 
LOW NOISE Q3 


150k 
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being regulated and Q6 is its input. Q3-Q4 
form voltage comparator. Q5 drives lamp 
that varies resistance of photocell and 
thereby controls gain of amplifier being regu- 
lated.—A. E. Lofting, Stable Amplitude Regu- 
lator for Wide Temperature Range, Electronics, 
Feb. 6, 1967, p 71-72, 
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FULL 


COMPARATOR—Combination 
9302 OE! opamps indicates whether unknown 


of two 
input is more positive than reference by 
giving Hi! output, less positive by giving LO 
output, or equal by giving LO output from 
both opamps. HI is +10 V and LO is —10 
V. Window input accepts positive voltages 
and generates tolerance equal to window 
input, HH unknown is within window voltage 
of reference, both outputs are --10 V corre- 
sponding to equal condition.—Applying the 
Model 9302 Monolithic Operational Amplifier, 
Optical Electronics, Tucson, Ariz., No. 10135, 


Outputs 


Inputs 


! 


R, 6 
+Vde 


VOLTAGE COMPARATOR—Can he directly 
coupled to binary encoder for detection of 
highest input voltage. Has advantages over 
diode comparator gates. Operates from 20 
V d-c supply, for inputs of zero to 10 V dc 
and outputs of 20 or 10 V dec. All transistors 
are 2N780, R1 is 100 ohms, and all other 
resistors 100K.—“Selected Electronic Circuitry,” 
NASA SP-5046, 1966, Government Printing 
Office, Washington, D.C., p 80. 


= Oy OUTPUT 
INPUL ne 9300 
* ow 

adds 1OK 
hysteresis 


SIMPLE COMPARATOR—With only three ex- 
ternal resistors, OEI 9300 opamp serves as 
voltage comparator with full performance to 
2 MHz and reduced comparison accuracy at 
higher frequencies. Output level is compat- 
ible with DTL and RTL logic.-Applying the 
Model 9300 Monolithic Operational Amplifier, 
Optical Electronics, Tuscon, Ariz., No. 10134. 


COMPARATOR CIRCUITS 


D-C VOLTAGE COMPARATOR-Signal voltage 
applied to terminal 2 of Ferranti ZLD2 IC 
differential-input d-c amplifier is compared 
with voltage of reference diode at other input. 
Output voltage will be either maximum nega- 


Eww 


Vaer 


2-MV_ SENSITIVITY—Fairchild A702A IC 
opamp amplifies difference between unknown 
signal and reference voltage, and delivers 5 
V output if signal exceeds reference by 2 mV 
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mm I2V 


tive or maximum positive, depending on 
whether signal voltage is greater or less than 
reference voltage.—Microlin Amplifiers ZLD25 
and ZLD2T, Ferranti Ltd., Oldham, Lenes., Eng~ 
land, No. 11, 1967, p 12. 


TO INDICATOR 


Eo cIRCUITS 


or more, If input signal is below reference 


* voltage by same margin, output to indicator 


is —5 V. Article contains thirteen other IC 
opamp application circuits.—J. F. Gifford and 
M. Markkula, Linear IC’s: Part 5, Ins and 
Outs of Op Amps, Electronics, Nov. 27, 1967, 
p 84-93. 
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es 
3-9kO. 


Ox v% 
BCIOs BAY38 
Ry Re 
loon. 68 O 
+ ©-|2y 


STABLE VOLTAGE COMPARATOR—Uses tran- 
sistor pairs in differential stages, with con- 
stant-current transistor source for holding 
input stage emitter currents constant. Output 
voltage is limited to 0.7 V and 3 V, for driv- 


‘ing wide variety of logic circuits.—‘Circuits 


Using Low-Drift Transistor Pairs,” Philips, Pub. 
Dept., Elcoma Div., Eindhoven, The Nether- 
lands, 1968, p 26. 


CHAPTER 16 
Control Circuits 


UJT PHASE-CONTROL FOR INDUCTIVE LOADS 
derived from 
supply voltage instead of from bilateral ser. 
Gate drive for scr continues from point of 
Circuit pro- 
vides symmetrical waveforms and positive 


—Phase reference for ujt is 


triggering to end of halfacycle. 


triggering even when load 
signers Economize on Circuitry, 


Design, Jan. 20, 1964, p 74-77. 


POWER CONTROL WITH DISCRETE COMPO- 
NENTS--Will control up to 8 kW through re- 
sistive load, though requiring over 40 compo- 
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current rises 


slowly.—E. K. Howell, Bilateral SCR Lets De- 
Electronic 


Olpt 


1N4009 


z 


INDUCTIVE 
LOAD 


INS692 


AI3F2 6.8K, 5W 


Z4XL62 


nents as compared to half a dozen if one is 
General Electric’s PA424 IC described in same 
article.—F, W. Gutzwiller and J. H. Galloway, 


y 10k 
* BAND 


S 


25-25 7BX2 
dvidt 
SUPPRESSION 


Z4XL16 


SPREAD 24XL20 


+500ut 


Q; | ADJUST 
2N3638 


50000 
THERMISTOR 
AT SET 
POINT 
(G-E 10103) 


Power Grab by Linear IC’s, Electronics, Aug. 
21, 1967, p 81-86. 


SOLENOID 


COIL 


FULL-WAVE CONTROL—Uses 


SIGNAL PULSE = 


CONTROL 


RAISING SATELLITE ANTENNA—Signal pulse 
from earth triggers SCRI, so Cl discharges 
through solenoid to provide powerful stroke 
for pushing out antenna or providing other 
required mechanical motion, QT then pulls 
capacitor-recharging current to low level to 
allow scr to turn off and thereby reduce 
recycling time of solenoid. When C1 is 
charged to 12 V, Q2 turns off and stops Q1. 
—J. J. Klinikowski, Transistor Speeds Up 
Charging Circuit, Electronics, Aug. 5, 1968, 
p 105. 


TI42A break 
For han- 


120 V 
AC 


Clomping 
diodes may be 
used if 


CIRCUIT 


Ss 


cy 
0.5 pF 
200V 


Ry 
200 


3 50Ww 


SEQUENTIAL CONTROL—Momentary closing of 
SI initiates switching sequence, with each scr 
stage having independently adjustable oper- 


ating time. Conduction of SCRI is deter~ 
mined by R4, C3, drop across R3, and 
operating voltage of trigger diode TRI. 


Values shown are for 0.5-A load current. 
Additional controlled stages may be added.— 
E, Kiburis, Sequential Control with Silicon 
Controlled Rectifiers, EEE, March 1970, p 100— 
103. 


\ 
TI42A 0 Ssh 


129 


down diodes for triggering scr’s. 
dling loads up to power rating of ser’s.— 
Preferred Semiconductors and Components, 
Texas Instruments, Dallas, Texas, CCTOT, 1968, 
p 24107. 


CURRENT-CONTROLLED NEGATIVE 


RESIST-~ 
ANCE—For currents up to 3 mA _ between 
circuit terminals, voltage drop across circuit 
increases almost linearly because only QI is 


conducting. For higher currents, up to about 


‘ negative resistance). 


smoother 
control is 
required 


7.5 mA, both transistors conduct and voltage 
decreases {negative slope, corresponding to 
Above 7.5 mA, only 
Q2 conducts and voltage again increases with 
current. Can be used as flip-flop.—F, Broch- 


10kQ 


23 4 6 


6 7 


8 VOLTS 


Toniolo, A Negative-Resistance Circuit Doubles 
for V or I Control, Electronics, April 28, 1969, 
p 78-79. 
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+30VE10% 


WASHING-MACHINE WATER-LEVEL CONTROL 
~—Simple electrodes D and E sealed in wall of 
open vertical tube sense change in resistance 
when water level reaches both electrodes, 
then energize inlet valve through transistors 
to shut off water. Operates from same 30-V 


R= 1212 d-c supply used for other sensors in washing 
1 machine.—Transistorized Level Sensor, Philips, 

R= 30 Pub, Dept,, Eleoma Div., Eindhoven, The 

R3= 2.2 1Q Netherlands, 1968. 

R, = 5600, 

Re = 8200 TR, = BC147 

Re= 1.5 TR» = BFY5S5 

inlet valve: 28 V; 280 mA D = BA148 


L 


floor 
detector 2.2k0 
ag 


EPO or 
simdar 


a, 


ELEVATOR POSITION REGISTER—Philips IC 
gates provide performance comparable to 
that of relay system, with same cost but 
much greater reliability, Can handle maxi- 
mum of six floors in apartment building. 
Reversible column-type counter has memory 
element for all but top and bottom floors. 
When elevator passes lowest point of slow- 
motion zone at each floor, signal is fed from 
floor detector through pulse stretcher in 
driver circuit (bottom of diagram) to A or 
B input line, depending on whether elevator 
is going vp or down. Pulse register at top 
of diagram stores and delivers positional in- 
formation, except for top or bottom floor 
when it feeds reset signal.—J. P. Exalto, Low~ 
Cost Solid-State Elevator Control, Philips, Pub. 
Dept., Elcoma Div., Eindhoven, The Nether~ 
lands, No. 69. 
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l20 Vv 
60~v 


J "FILAMENT 
TRANSFORMER" 


TRIAC 


generol reset, 


2N1302 


tk 


Qa 
2N4396 


MVBR DRIVE FOR ROD—Combination of multi- 
vibrator and solenoids provides periodic 
linear motion for mechanical control rods. 
Rate is adjustable from 1 to 6 Hz by rheostat 
in ujt relaxation oscillator, QI and Q2 in 
mvbr alternately energize and de-energize 


caf] button 
for floor "n* 
Yn O 


call inhibit 


Yn'O- 


ae 


up count 


NOREG 


+40¥ 


f 
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SENSING WATER LEVEL—Applies power to 
load through appropriately rated triac until 
water level touches probe and bypasses gate 
current from low-current C6U scr. This gives 
isolated low-voltage probe for meeting safety 
requirements.—J. H, Galloway, Using the 
Triac for Control of AC Power, General Elec- 
tric, Syracuse, N.Y., No. 200.35, 1966, p 14. 


0.0027 pf 


solenoids L1 and 12 to give sharp reciprocat- 
ing motion to core that is common to both.— 
R. S. Snyder and A. C. Eberle, Power Multi- 
vibrator Gives Linear Motion to Control 
Rods, Electronics, July 22, 1968, p 69-70. 


ELEVATOR FLOOR CONTROL—Arrangement 
shown provides signal to floor indicator lamp 
of elevator control system and enabling sig- 
nal for up and down command gates. Gen« 
eral reset signal R, produced at top and bot- 
tom floors, is applied to upper left-hand 
memory.—J. P. Exalto, Low-Cost Solid-State 
Elevator Control, Philips, Pub. Dept., Elcoma 
Div., Eindhoven, The Netherlands, No, 69. 


sein +24V 
2W Supplied from \ 
transformer % 
Hoot indication lamp 1 yi 
ray 


All diodes type BAX13 


ELEVATOR CONTROL SYSTEM—Complete solid- 
state system controls six-floor elevator. Use 
of Philips [C building blocks makes, costs 
comparable to that of relay system while giv- 
ing much greater reliability. Elevator cannot plied. 
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HALF-WAVE CONTROL—Uses TI42A_ breok- 
down diode for triggering scr at point in half- 
cycle determined by setting of rheostat. Load 
capacity depends on rating of scr.~Preferred 
Semiconductors and Components, Texas Instru- 
ments, Dallas, Texas, CC101, 1968, p 24107. 


contacts 


EPO 
stop sensor 2.21 


active at 

fioor level =O 1HF 

orsimijor 2.24.0. 40 
Of} 


postion 
sensor 


120V 
AC 


0.25 MQ 


LOAD 


10kQ 


Ti40A2 


“car im use” 
lamp 


move until doors are properly closed. 
opens doors while in transit, brakes are ap- 


If child 


Call information stored in floor mem- 


up coil is 
broke 
coul 
+¥p"" 
reset 
BAXI3 BAXi3 ground floor 


~ +p"! 
reset 


BAK BAX — top floor 


ory is destreyed as soon as elevator enters 
slow-motion zone for that floor.—J. J. Exalto, 
Low-Cost Solid-State Elevator Control, Philips, 
Pub. Dept., Elcoma Div,, Eindhoven, The 
Netherlands, No. 69. 


'20 VAC 


120 VOLT 
RESISTIVE 


TRIAC POWER CONTROL—Three-position switch 
gives full or reduced power for load. At 
reduced power, rectifier changes triggering 
point of triac. Switch can be low-current 
type. Good for applications requiring cyclic 
switching without noise of circuit breakers, 
and for remote control.—F. W. Gutzwiller and 
E. K. Howell, Economy Power Semiconductor 
Applications, General Electric, Syracuse, N.Y., 
No, 671.1, 1965, p 7. 


CRI ———~ GE IN649 © CATHODE 


THYRATRON  SUBSTITUTE—Combination of 
small scr as trigger and large scr for power~ 
handling gives performance characteristics of 
thyratron gas tube, including very high signal 
input impedance, Maximum forward block« 
ing voltage with single C5 trigger is 400 V. 
Maximum load current of circuit is 25 A rms. 
—"SCR Manual,” 4th Edition, General Electric, 
1967, p 169-170. 


DUAL DIODE 
“— G6RS5GDIBADI —> 
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2% “9: ° 
yn 
6-E INS38 
R RELAY 
Ra ‘% feats OUTPUT 
330K 3 
MOVING H Re $20 VAC 
OBJECT 25K 60 CPS 
Re 
G-E 424x168 SCR, 
G-E C58 


LIGHT 
SOURCE Re 


CONVEYOR-JAM MONITOR—Laser and light 
source on opposite sides of conveyor or 
chute act with delay and scr to overlook or 
pass small self-clearing pile-ups but shut 
down line quickly for impending catastrophic 
jam. With light on, lascr conducts and pre- 
vents voltage buildup across Cl, Each inter- 


~ 


ruption of beam turns off lascr and starts 
charging of CI. Interruptions of only a few 
ms do not charge CI enough to fire zener 
and scr. RI adjusts delay before scr fires, 


up to several seconds.—E. K. Howell, The 
Light Activated SCR, General Electric, Syra- 
cuse, N.Y., No. 200,34, 1965. 


from 
decoder 


TYPEWRITER SOLENOID DRIVERS—Used to ac~ 
tuate printing keys of electric typewriter under 
control of electrical signals from computer or 
calculator. Each key has armature that is 
pulled down magnetically by solenoid. Since 
only one character can be printed at given 


moment, only one output transistor TR] must 
conduct at given moment, with all other out- 
put transistors (for other keys) cut off.—Out- 
put Unit for an Electric Typewriter, Philips, 
Pub. Dept., Elcoma Div., Eindhoven, The 
Netherlands, No. 832, 1966. 


ZJ3-257BX1 


UJT PHASE CONTROL WITHOUT HYSTERESIS— 
Operation is independent of variations in 
supply voltage. Easily adapted for auto- 
matic feedback control systems by introducing 
transducer in one leg of bridge,—E. K. Howell, 
Bilateral SCR Lets Designers Economize on Cir- 
cuitry, Electronic Design, Jan. 20, 1964, p 
74—77. 


DUAL-RC BILATERAL SCR—Additional phase- 
shift network provides control over range of 


5% to 95% load and reduces hysteresis. 
Suitable for lamps, heaters, and fan speed 
controls.—E. K. Howell, Bilateral SCR Lets 
Designers Economize on Circuitry, Electronic 
Design, Jan. 20, 1964, p 74-77. 
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Bidirectional 
Thyristor 
2N5273 
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FULL-WAVE WITH THYRISTOR--Breakdown 
diode provides triggering of bidirectional 
thyristor on both half-cycles, at point in cycle 
determined by setting of pot. Load capacity 


VOLTAGE-CONTROLLED GAIN CHANGER— 
Provides 4:1 gain change of 400-Hz square- 
wave cartier signal that is up to 25 V p-p at 
input. Diodes are used to switch additional 
parallel paths sequentially in simple voltage- 
divider circuit. Increasing d-c control voltage 
makes diodes conduct in sequence because of 
increasing back-bias applied to successive 
paths. Gain is maximum at lowest control 
voltage, when no diodes are conducting.—R. 
B. Mossman, Diode Divider Circuit Provides 
A-C Gain Control, Electronic Design, April 26, 
1965, p 46—48, 


+99 


boc 
CONTROL 
+4 TO +40y 


O5 pt 


DIGITAL IC AS CONTROL SWITCH—Q5 serves oa 


as output stage for Fairchild dual-gate IC 
to give versatile circuit at total cost under $2. 
With resistors at A and B and R5 open, linear 
amplifier is obtained. Snap-action tempera- 


ture control switch is obtained with R5 in, 
1,000-ohm thermistor at A, and 6-V 100-mA 
relay at B. With FPMI0O phototransistor ot 


depends on rating of thyristor.~Preferred 
Semiconductors and Components, Texas In- 
struments, Dallas, Texas, CCIO1, 1968, p 
24108. 
499K 
O5ut AC 

iz SIGNAL 

OUTPUT 

(TO IMQ LOAD} 


OUTPUT 


A and 330-ohm load resistor at B, circuit be- 
comes light-sensing preamp with digital read» 
out.—R. Ricks, Low-Cost Digital IC Performs 
Linear Functions, Efectronics, July 24, 1967, p 
86-87, 


CONTROL CIRCUITS 


=a MOTOROLA MR990 
x1 


330-DEG SCR CONTROL—Turn-on pulse for ser 
X3 is generated when neon fires, Point at 
which it fires in positive half of a-c line 
cycle is determined by RI, to give 330-deg 


ScR2 
2N4108 


TWO-STATE SEQUENTIAL—Sequential control 
for only two loads gives high overall effi- 
ciency and is self-starting. Operating time 
of each 100-mA load is independently adjust- 
able.—~E. Kiburis, Sequential Control with Sili- 
con Controlled Rectifiers, EEE, March 1970, p 
100~—103, 


on 0.1 

ZOOM) Hea 
600-W TRIAC—Provides full-wave proportional 
control, using triac triggered by neon lamp 
whose breakdown voltage is same in both 
directions.—E, Bauman, ‘Applications of Neon 
Lamps and Gas Discharge Tubes,” Signalite, 
Neptune, N.J., p 125. 


TRIAC 
sc4ip 
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CAPACITY 
8A 
MOTOROLA 
2N4154 
SARKES 
pe TARZIAN 
see F2 
range for load control in each cycle.—W. G. 
Miller, “Using and Understanding Miniature 
Neon Lamps,” H. W. Sams & Co., Indianapolis, 
Ind., 1969, p 62. 
HIGH Low 35K 
SPDT 100K 
TOGGLE SCR 
POWER .. AO57B 
DIODE Oh aS 


360-DEG PHASE SHIFTER—Neon-triggered ser 
regulates power delivered to load on both 
half-cycles, Full power is delivered when SI 
is in HIGH position, Ser is Tl-40A2.—E, Bau- 
man, “Applications of Neon Lamps and Gas 
Discharge Tubes,” Signalite, Neptune, N.J., 
p 121. 


SZ. TI- 40A2 


110-DEG PHASE SHIFTER—During each posi- 
tive half-cycle of sine-wave voltage, 24% to 
95% of available power (depending on set- 
ting of R2) is supplied to load via ser trig- 
gered by neon lamp. Full clockwise rotation 
of R2 applies full power to load through $1 
ganged to R2.—E. Bauman, “Applications of 
Neon Lamps and Gas Discharge Tubes,” Sig- 
nalite, Neptune, N.J., p 120. 
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120 VAC 4 > 
GROUND 
OE OUTPUT 
A44B 3 
|ZOVOLTS 
85 VOLTS 
a rms 
1N 
3-POSITION RI SCRI 
POWER SWITCH 12 VAC GE ON LOGIC 
oon UMEG cioéy! | REQUIRED 
120 VOLT (SENSITIVITY 
RESISTIVE [ ADJ) 
COAD-UP 
TO 5 KW: 
TI 
3-POSITION POWER CONTROL—Rectifier re- ALLIED 64Z/36 


duces load power by cutting line voltage to (OR EQUIVALENT) 


a5 V rms.—F, W. Gutzwiller and £, K. Howell, 
Economy Power Semiconductor Applications, 
General Electric, Syracuse, N.Y., No. 671.1, ie 
1965, p 7, MRi~ POTTER & 
BROMFIELO 
NO. KAIIAY ~12 VAC 
COIL (OR 
EQUIVALENT) 


LIGQUID-LEVEL 
level between 


CONTROL—Maintains 


liquid 
two previously established 
limits, determined by positioning two metal 
probes, in any reasonably well grounded con- 


tainer. of with 


GROUND 


be pump, solenoid valve, or other device for 
changing fiquid level. Operation from 12-V 
secondary of filament transformer cantributes 
to safety.—D, R. Grafham, Automatic Liquid 


Energization probes asc Level Control, General Electric, Syracuse, N.Y., 
eliminates electrolytic corrosion, Ovtput can No. 201.14, 1966, 
ADJUSTABLE POSITIVE v ~15v REGULATED 
VOLTAGE Rg 10k 
ADJUSTABLE = 40k 
NEGATIVE VOLTAGE 
Oo 
o 29v 
CONTROL SWITCH (er a Qe CR +30v 
iS ant? 2Nni7tt A) j 
a ~—Ov 
DIFFERENTIAL AMPLIFIER 10 milliseconds 1N649 
Ra $Rt Rs @ Re Ry B.2k C 
680% 820 ———180v 820% 680 220k 2n3241 
4Q milliseconds on2646 ay 33k 
{0 milliseconds 


FLYWHEEL 


oe 


SUPPRESSING JACKRABBIT STARTS—Provides 
continuously variable adjustment of amount 
of power transferred from motor through 
magnetic clutch to load, to prevent swinging 
of jet engines and fuselages carried from one 
work station to next by overhead trolley. 
Same circuit acts on magnetic brakes to pre- 
vent jerky stops, Uses differential amplifier 
added to conventional uji’s G3 and Q4 in 


brake and clutch control circuits. Control R4 
serves both for startup and braking, since 
these can never occur simultaneously.—P. J. 


1N2979 


C3 De 
ene 


IN3193 


me 


2e0¥ 
. 50 hz 


Kaskinen, Differential Amplifier Governs Mag- 
netic Brakes And Clutches, Electronics, May 13, 
1968, p 75-76. 
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(20 VOLTS 
AC C228 ®) 


INPUT 


LOAD 


TRANSIENT SUPPRESSION WITH THYRECTOR— 
With thyrector connected in gate circuits of 
scr’s, portion of transient energy triggers for- 
ward-biased scr into conduction, thereby pro- 
tecting reverse-biased scr from damage. Ar- 
rangement permits use of smaller and 
lower-cost thyrector for given degree of pro- 
tective effectiveness in an scr control circuit.— 
F, W. Gutzwiller and E. K. Howell, Economy 
Power Semiconductor Applications, General 
Electric, Syracuse, N.Y., No. 671.1, 1965, p 18, 


6RS5SP4B4 
THYRECTOR 


PHASE-CONTROLLED BILATERAL SCR—Requires 
only four components, though has limited con- 
trol range and large hysteresis at low output. 
When voltage across triggering diode reaches 
35 V, Cl discharges through diode into gate 
of bilateral scr.—E. K. Howell, Bilateral SCR 
Lets Designers Economize on Circuitry, Elec- 
tronic Design, Jan. 20, 1964, p 74~-77. 


BIN LEVEL CONTROL—Uses two SSPI PR30 
light-sensitive ser’s with light sources, mounted 
at upper and lower control limits of material 
in bin. With level above upper limit, both 
photoscr’s are dark and off. When level falls 
below upper limit, PT] switches on and C3 
charges to peak positive a-c supply voltage. 
When level falls below lower limit, PT2 is 
triggered on, making half-wave rectified a-c 
energize load and refill bin. When level rises 
above lower control limit, C3 voltage holds 
PT2 on. When level reaches upper limit, 
PTI turns off and load is deenergized, stop- 
ping charging of C3 so PT2 also turns off.— 
Automatic Bin Feed Control, Solid State Prod- 
ucts, Salem, Mass., No. 12. 


6RS20SP5B5 
THYRECTOR 


"BRID"O 


4 CATHODE 


SCR REPLACEMENT FOR THYRATRON—Circuit 
shown is suitable for direct replacement of 
C3J thyratron in many 120-V a-c applications. 
Thyrector provides transient voltage protec- 
tion for C30B scer.—D. R. Grafham, Using Low 
Current SCR’s, General Electric, Syracuse, N.Y., 
No. 200.19, 1967, p 35. 


MAGNETIC 
REED SWITCH 


MECHANICALLY ACTUATED SCR—Only three 
components are needed with bilateral scr for 
full-wave control of a-c load, as compared to 
nine components and two conventional scr’s in 
conventional circuit. Any other type of 
switch may be used.—E. K. Howell, Bilateral 
SCR Lets Designers Economize on Circuitry, 
Electronic Design, Jan. 20, 1964, p 74-77. 
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CHAPTER 17 


Converter Circuits—D-C to D-C 


20-KHZ 30-W D-C CONVERTER—Uses BDY10 
transistors in autotransformer connection that 
permits adding 13.8-V d-c input voltage to 
26-V rectified output of converter to give re- 
quired 40-V d-c output for mobile transmitter 


300 


43k 
f 0; 


0001p 
e 


Q 


D-C STEPUP AUTOTRANSFORMER—Steps up 
supply voltage for solid-state circuit by using 
transistors QB and Q9 to charge C1 and then 
discharge it into C2 repeatedly. With 20-V 
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ha 


3 
2N718A 


applications. Report gives all winding data. 
D1 is BYZ13, D2 and D3 are BYX10, and D4 
and D5 are BY?1B, R1 is 68, and R2 and 
R3 are 10, C and Ci are 100 uF, C2 and 


+20y 


Q, 
2hri8a 


input, output of circuit is 35.5 V at 80 mA, 
Ujt relaxation oscil- 


with efficiency of 60%. 


C3 are 680 nf, C4 and Cé are 1 “FP, and C5 
is 8 yF.—A. H, Hilbers, D, C. Converters Op~ 
erating at 20 KHZ, Philips, Pub. Dept., Elcoma 
Div., Eindhoven, The Netherlands, No. 436, 
1966, 


INI220A INI220A 


+HIGH 
VOLTAGE 


{) 2nes7 
Bites 


i 563 


lator Q1 controls switching action through 
flip-flop Q2-Q3.—C, D. Brock and L. E. John- 
ston, Push-pull Capacitors Multiply Input Volt- 
age, Electronics, Nov. 13, 1967, p 101-102. 
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COMPLEMENTARY MULTIVIBRATOR 
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0.022 pt 


0.022 pt 


VOLTAGt MULTIPLIER 


ST PEPEPEP EPIL 


ALL DIODES BAY 38 


D-C VOLTAGE CONVERTER—Uses 10-kHz com- 
plementary mvbr to change 10-V input to 


OUTPUT 100¥ 


ALL CAPACITORS 10uf, 25 VOLTS 


mvbr is fed into diode-capacitor network be- 
low, for rectification and multiplying of am- 


capacitors changes output polarity. Mvbr 
does not restart itself, so starting switch is 
placed in d-c input line.—K. Van der Geer, 


22 V BIPOLAR FROM 5 V_ D-C—Provides 
supply voltages required by analog cards, 
with lead and line regulation better than 
0.15% at 360 mA output current. Input is 
from standard 5-V d-c digital power source. 
Consists of d-c to a-c converter, rectifier, fil- 


100-V output with 280 mW power. Effi- plitude according to number of multiplier Transformerless D-c Voltage Converter is 70% 
ciency is 70%, Square-wave output of stages. Reversing connections of diodes and Efficient, Electronics, April 14, 1969, p 95. 
a» TPL 
z RI + 22V 
a 118K 1% 
r - z re tl oct 
— —— 3 Son 7 a2ur 
| 1 25Vv 
| 10 R3 R4 
fe 3.32KI% 9 3,08K 1% 
4 1¢ | 
| 
I 
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| 
vee O@H | Rae j 
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qi 
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ter assembly, and regulator. Q1 & Q3 are 
2N3906; Q4 & Qé are 2N1485; Q2 & Q7 are 
2N5190; Q5 & Q8 are 2N3904. CR3 & CRII 
are IN5232B 5.6-V zener; all other diodes are 
MR310. Tl is Topa PNA8144. Available 


GRD 
RIS 
B32KI% $3.09K,t% 
Ri4 +] 7 
200n 22UF 
1 2ov 
RIS 
TISKA% we TPS 
~22y 
commercially as D-4085 plug-in module, 


Circled numbers are etched board connector 
pins.—Integrated Circuit Logic Cards, Elec« 
tronic Engineering Co., Santa Ana, Cal,, 1969, 
p DS77. 
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33 V FROM 12 V—Transistors act as switches 
for charging capacitors in parallel and dis- 
charging in series to obtain inexpensive trans- 
formerless voltage multiplication of square- 
wave pulses when required pulse amplitude 
is greater than available supply voltage. To 
obtain positive output pulses, use negative 
supply, reverse diodes, and change to pnp 
transistors. Values shown handle repetition 
rates up to 6 kHz into 2K Joad.—P. Yanczer, 
Eliminate Pulse Transformer with a Voltage 
Multiplier, Electronic Design, Aug. 15, 1968, p 


£ 


REGVERTER—Uses solid-state d-c converter as 
series regulator to obtain high efficiency as 
mobile supply operating from 12-V battery 
and delivering 25 W at 115 V and 400 Hz. 
Operated over 3 years in space orbit appli- 
cation, Output transformer (secondary not 
shown) uses Magnetics Inc. core 50425-4A 
with 556-turn secondary. Article gives trans~ 
former design data.—S. Levy and W. kL. Blair, 
High-Efficiency D.C,-D.C. Converter, Electronics 
World, Feb. 1969, p 35-37 and 59. 


INPUT 10.7 TO14.7V 0,0. 


0. ur/3V 


100 W IN 12 OUNCES—Gives 85% efficiency 
at 50 kHz operating frequency, in converting 
28 V dec to 250 V dec at 400 mA. Maximum 
tipple in output is 0.5%.—T. B. Mills, De- 
signing Smaller, Lighter De-to-De Converters, 
EEE, March 1969, p 76~80. 


C)  50uFISOV 


Qj, Qy : 2N5002 


Cy: uF /400V 
All Diodes: FD300 
Core ferroxcube K300502-3£ O.1pF i 3V 


CONVERTER 


oevouT 
+ 
Crit 


Q1,Q2 02763 HEATSINK CORE: FERROXCUBE 
01,02 9 AI4F  2616P-3E POT CORE 
Rs 4a7KQ Trl, Teg 77 #25 WIRE 
Ree too, iow Tes 1OT # 25 WIRE 
Cee .0068 SOV Ts 1607 # 32 WIRE 
Cin 100 pt 

Cri It 4a0v 


03,4,5,6 (N5056 


280 v D.C AT 20 W FROM 12 V D-C—Arrange- 
ment ‘is compact low-cost means of obtaining 
‘high-voltage d-c supply from batteries. Can 
“be used as dec/ace inverter by removing 
bridge rectifier, in which case output is 280 
Vi a-c at 16 kHz. Article gives design cri- 
teria and detailed instructions for designing 
and winding pot-core transformer.—R. A. 
Yodlowski, Designing A 12 Volt DC to High 
Voltage DC Converter, General Electric, Syra- 
cuse, N.Y., No. 90.75, 1969. 


CUTTING START-UP POWER—Base return re~ 
sistor in conventional d-c/d-c converter 
{shown dotted and normally 30 ohms) is re- 
placed by back-to-back diodes DI-D2, to re- 


CORE 


28~170 V D-C/D-C CONVERTER—Burroughs 
VC28-170-1 module was developed for oper 
ating Nixie tubes, driver modules, and other 
applications where required high-level d-c 
voltage is not available. Conversion of dec 


1500 


Q 
2N1183 


12-170 V D-C/D-C CONVERTER—Burroughs 
VC12-270-1 module can be used where high- 
level d-c voltage is not available, as for op- 
erating Nixies and driver modules. Step-up 
of d-c voltage is achieved by transistor oscil- 


duce large currents needed to develop start- 
ing voltage for switching transistors Q1-Q2 
and thereby reduce power consumption.—R. 
M. Glorioso, Converter Cuts Start-Up Power, 


CIRCUITS—-D-cC TO D-Cc 


iN2O7; 


voltage level is achieved with oscillator QT, 
transformer, and rectifier. Maximum output 
current is 30 mA, with 4-V p-p ripple at full 
load.—DC-DC Converter, Burroughs, Plainfield, 
N.J., No. 1087A, 1967. 


i 680 uuf fat 200K 
a —O~ 
T4 


lator Q1-Q2, transformer, and rectifier, Max- 


imuns output current is 30 mA, with 4-V p-p 
ripple at full load.—DC-DC Converter, Bur- 
roughs, Plainfield, N.J., No. 


1087A, 1967. 


OUTPUT 
290 v d-c 


Offers Good Regulation, Electronics, Feb. 6, 
1967, p 72-73. 
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BOTH POLARITIES FROM ONE—When 
nected to single ungrounded power supply 
up to 40 V dec, circuit provides both positive 
and negative voltages that are independently 
adjustable and can furnish up to 50 mA. 


con- 


(SERIES STRING 
OF 12) 
D3 


{deal for supplementing costly bench power 
supplies in circuit development laboratories. 
—C, Sewell, Jr, One Power Supply Does the 
Work of Two, Electronic Design, April 26, 
1967, p 241~242, 
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TYPE 


+HOV 
INI202A OUTPUT 


TYPE 
INI2Z02A 


+136 
100 W AT IV 
fo*3.5 KHz 


13.6 V D-C TO 3.5 KHZ TO 110 V D-C-—De- 
livers d-c power output of 100 W. Book 
gives detailed procedure for selecting opti- 
mum transistors and component values for 
achieving efficiency above 75% at rated load, 
—"Silicon Power Circuits Manual,” RCA, Har- 
rison, NJ., SP-51, p 183. 


6.5-290 V D-C WITH GOOD REGULATION— 
Use of feedback circuit to control base curs 
rent of switching transistors Q1-Q2 substan~ 
tially improves regulation in automotive ap- 
plications where input voltage is poorly 
regulated. Switching frequency is 1.2 kHz. 
With 6 V input at 5.5 A, output is 290 V at 
98 mA, for 86% efficiency. At 7 V and 5.8 
A, output is 292 V at 98.5 mA, for 70.7% 
efficiency. Article describes circuit operation 
in detail—R. M. Glorioso, Converter Cuts 
Start-Up Power, Offers Good Regulation, Elec- 
tronics, Feb. 6, 1967, p 72—73. 


OUTPUT 
290 v d-¢ 


UNMARKED DIODES 1N540 
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(43y 
NO LOAD) 


D,-D4 1N34 


TRANSISTOR-SWITCHED SERIES-PARALLEL CA-~ for next half-cycle, Q3 and Q4 are forward= Q3-Q, 2N3704 


PACITORS—When Q2 is off, all three 0.1-uF 
capacitors charge to supply voltage less drops 
in diodes and IK resistors, Q2 is part of 


biased into conduction through capacitors to 
place all three 0.1-uF capacitors in series-aid~ 
ing for transferring their charge through D4 


CAPACITORS IN MICROFARADS 


tion can be obtained by connecting output 
capacitor to positive supply.—H. R. Mallory, 


free-running mvbr (about 1.35 kHz) that ini- to 120-uF output capacitor, Dashed line 


Capacitors Add Up In Voltage Multiplier, 
tiates switching action. When Q2 comes on shows how extra stage of voltage multiplica- 


Electronics, March 2, 1970, p 104. 


1N2069 


HoT Da-Dg 
= 1N20651" 0g 
ro 
Re 
Q),02; 2N4998 no { 
Ca: 0.47 wF/400V ¥ ¥ E-voLtace spikes 
ALL DIODES: FD 300 } ; CLIPPED AT THIS LEVEL 


CORE FERROXCUBE K300502-3E 
SPIKE-CLIPPING ZENER—Single zener D3 pro- 


tects transistors in d-c converter from spikes 
that may be several times supply voltage, 
occurring when transistor current switches off 
through leakage inductance of power trans- 
former.—P, Vergez, Transient Clipper For DC 
Converters, “400 Ideas for Design Selected 
from Electronic Design,” Hayden Book Co., 
N.Y., 1964, p 208. 


O.1pF/3V 


40 W USING HIGH-FREQUENCY TRANSISTORS 
~—Article gives nomograms for output power 
and transformer design calculations, with 40- 
W circuit as example of design procedure. 
Inverter frequency is 46.5 kHz.—C. W. Young, 
Nomograms Simplify Design of DC-To-DC 
Converters, EEE, June 1970, p 46-47. 


+lav 


COMMON 


SQUARE WAVES FOR D-C CONVERTER— 
Astable mvbr Q2-Q3 generates square waves 
with 15% higher operating efficiency than 
saturable reactor sometimes used in d«c con-~ 
verters, and reduces cost and size. Frequency 
is 4 kHz, and rise and fall times are both less 
than 0.3 us.~G. Marosi and F. Ludding, Mul- 
tivibrator Replaces Reactor in D«C Converter, 
Electronics, July 10, 1967, p 81-82. 


ALL DIODES 1N3879 


ALL TRANSISTORS 2N3417 


| 
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= 330 
= 100 
= 1010 
= 47 
= 2.7 x0 
= 6800, 
= 1 


input output, 
10-15.2V 
Capacitors 
Cy = 0.1 uF 
Cy= 12.5 pF 
C3 = 500 pF 

DI is BY126, D2 is BYX30/200R, and D3 is 
12 V D-C TO 28 V D.C STABILIZED—Delivers noiseless operation and economically small BZY94-C22,—J. M, Siemensma, A 23 W Volt- 


up to 800 mA with 80% efficiency, and will design. Report gives winding data for  age-Stabilized D, C, Converter, Philips, Pub. 
operate with supply voltages from IT to 1S transformer and choke. TRI is BCY38, TR3 Dep?., Elcoma Div., Eindhoven, The Nether» 
V. Oscillator frequency of 20 kHz gives is BC108, and other transistors are BD121, lands, No. 439, 1967. 
400 
—~~— 
HEAT SINK TYPE 
26. 
q T2 
37T 
noe Net 
HEY RL «250 SO-KHZ = D-C/D-C—Sample circuit 
shown is used to explain procedure for de- 
signing practical high-speed two-transformer 
No.4 bev 3 push-pull converter, Operates from 28-V 
HEAT SINK BIFILAR d-c supply and delivers 80 to 90 V duc de- 
Cy W TYPE TRANSFORMER CORE MATERIALS! pending on load.—"Silicon Power Circuits 
aN3265 T| ALLEN=BRADLEY TYPE Manual,” RCA, Harrison, N.J., SP-51, p 194. 
TOS2OHIDIA, OR EQUiv, 
HFV=HEAVY FORMVAR INSULATION ToALLEN-BRAOLEY TYPE 


U2625C1334, OR EQUIV, 


Ry = 2700, 
Ry= 180 
R,= 180 


Capacitors 

C= 8uF 
Cy = 100 uF 
Cy = 820 nF 


20-KHZ 60-W D-C CONVERTER—Use of tran« gives reduction in size of transformer and about 75% efficiency, Nominal input is 13.8 
sistors having high cutoff frequencies and filter components. Transistors are AUTO3 on V dec and output is 40 V d-c.—A. H. Hilbers, 
power diodes with shorter switching times heat sinks. D1 is 8YZ13, D2 and D3 are D. C, Converters Operating at 20 KHZ, Philips, 
permits operation at 20 kHz where trans- BYX10, and D4 and D5 are BYT18. Report Pub. Dept., Elcoma Div., Eindhoven, The 
former noise is outside audible range, and gives winding data. Output is 60 W, at Netherlands, No. 436, 1966. 


CHAPTER 18 
Converter Circuits—General 


-15OV ! 


FROM A24 (3) 


TRANSFER iNPUT 
FROM DISPLAY 
CONTROL ASSY. 5 
AIS (4) THRU 
STORAGE SW. S7 


-35V 
FROM A24 (15) 


NEON BINARY-DECIMAL—Circuit shows one 
stage of binary counter developed by Hew- 
lett-Packard, in which neon glow lamps and 
solid-state photoconductor elements perform 
decoding logic and necessary gain for driving 
decimal indicators. Light from neons falls on 
group of photocells to provide current path for 
operation of visual decimal display. (Book 
shows and describes photocell display matrix). 
Diodes ‘CRI and CR2 enable information to 
be stored while another counting operation 


proceeds, Circuit cycles in 10 counts instead 
of normal 16, and drives decimal display.—E. on 
Bauman, “Applications of Neon Lamps and SIGNAL INPUT 


Gas Discharge Tubes,” Signalite, Neptune, 


NJ. p 130-135. GATE INPUT FROM 


GATE CONTROL ASSY.| cpg 
Al4(6) (AI7 ONLY) 


RESET INPUT 
FROM RESET LINE 


LW 


SINE WAVE 
INPUT 


= 


temperature and amplitude variations, Out- 
puts of comparators trigger R-S flip-flop on 
their edges. Positive offset from one com- 


= 
_ 


SINE-SQUARE CONVERTER—Two IC compara- 
tors convert sine waves to symmetrical square 
waves while operating in noise with wide 


R6 
390K 


6 
BCD OUTPUT 


ous | 


parator is added to negative offset of the 
other to maintain symmetry.—G. $. Oshiro, 
Two IC Comparators Improve Threshold Con- 
verter, Electronics, Dec. 23, 1968, p 59. 
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f=25 kHz 


100-W 25-KHZ CONVERTER~Uses 


pulse 


SINE-SQUARE 
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MALLORY 
TRI7? 
3.8 V, 


OFF 


°o 
ie 


OUTPUT I j 


ALL RESISTORS 1/4W 5% 


CONVERTER—Schmitt trigger 


switching techniques ond two transformers to 
provide high d-c output voltage and high- 
speed operation. Book discusses load lines 


converts output of 600-ohm sine-wave signal 
generator to square waves required for test- 
ing digital equipment—J. Shagena and A. 
Mall, Plug-In Squaring-Unit for Signal Genera- 


for optimum performance.—“Silicon 
Circuits Manual,” RCA, Harrison, 
51, p 98. 


Nw, 


Acos wt 
‘4 


51 0 NS Time 


2 IN 4 ON ON 


As 


OUTPUT So ~— 


TOTAL 
A OUTPUT 


ky PP 


OUTPUT 


DERIVED RATE CIRCUIT WAVEFORMS 


PROBE 


MAGNETOMETER ORIENTATION 


ROLL RATE TO D-C VOLTAGE—Sensors on 
periphery of rocket or space vehicle generate 
sinusoidal inputs at SI and $2 in quadrature, 
with frequency proportional to roll rate of 


Power 
SP. 


——_ 
DIRECTION OF 
MAGNETIC FIELD 


tor, EEE, Oct. 1966, p 138. 


OUTPUT 


SOLAR CELL 
—_— LOCATIONS 
—_—__—> “ Sy 
——» | H ~s, SIGNAL 
CELL 
LIGHT p> 
RAYS 


SOLAR CELL ORIENTATION AND CIRCUIT 


vehicle. Inputs are differentiated to produce 
new signals whose amplitudes are propor- 
tional to angular frequency. Negative half- 
cycles are inverted by amplifier and summed 


with positive half-cycles to produce d-c output 
proportional to roll rate—W. A. Cooke, IC’s 
Gate FET’s for Roll Rate Data, Electronics, 
Feb. 16, 1970, p 105-106. 
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1OMF /IOV 


-6y9 


LIGHT-TO-FREQUENCY CONVERTER—Iinput im- 
pedance of mosfet Q1 is 10 teraohms, as re- 
quired for obtaining linear relationship be- 
tween light input on photodiode D1 and 
square-wave output frequency. Opamp func- 
tions as one-shot for generating 0.1-4s reset 


lithographic equipment, in which output pulses 
are fed into counter that turns off light 
source at predetermined count. Can be cali- 
brated so each pulse corresponds to exposure 
of 0.1 mW-s.—H. Murphy, Count Your Foot- 
Candles with Photodiodes, Electronic Design, 


pulses. 


14 DIODES (IN4/4B) 
(2 TRANSISTORS (2N3415) 
LAMPS I8I5 200 MA. @ 14V 


BINARY-TO-DECIMAL DECODER DRIVERS— 
Transistor matrix provides both logic and 
amplification for lighting appropriate one of 
ten indicator lamps fer decimal display when 
input signal is in 8-4-2-1 code.—R. M. Muth, 
Digital Circuits with Visual Readouts, Gen- 
eral Electric, Syracuse, N.Y., No. 671.3, 1966, 
pli. 


Used in exposure control for photo- 


Aug. 15, 1968, p 206-207. 


SWITCH POSITION~1= DECIMAL NUMBER 


x24 x25 x22 x2! 


NEON DECIMAL-BINARY—Demonstrates bi« 
nary arithmetic, using A072 neon lamps in 
simple circuit. Rotary switch permits 24 bits 
of information to be transmitted to remote 
visual display.—E. Bauman, “Applications of 
Neon Lamps and Gas Discharge Tubes,” Sig« 
nalite, Neptune, N.J., p 136. 


ALL DIODES — IN2070 


SWITCH ~ 2P24T 
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output when it stops conducting, Input of 
+8 V gives output of 12 V peak-to-peak.—W. 
D. Waddle, Switching Amplifier Converts Uni- 
polar to Bipolar Pulses, Electronics, Oct, 3, 
1966, p 103-104. 


UNIPOLAR TO BIPOLAR—Converts positive Ece 
pulses to positive and negative (bipolar) ~25¥ 
pulses, as required in many business machines 
and data transmission sets. Article explains Rc 
circuit operation wherein QI causes negative 


Es 
“Sy 


+6¥ 


+E 


Eout 
+V 4+8y 
Y 
eIN 
+E i, 
ees ee 4 ‘ey 


PENTODE MIXER—Developed for use in binary 
combination of oscillators and mixers for 
generating large number of discrete fre« 
quencies for phased (electronic scanning) 
radar. With 105 MHz at 0.7 rms applied 
to control grid and 40 MHz at same level ap- 
plied to suppressor grid, second harmonic 
of 40-MHz signal is down 34 dB and all other 
harmonics are more than 50 dB below desired 
output signal.—G, F, Ross, Binary Generation 
of Frequencies Saves on Hardware, Electronic 
Design, Nov. 23, 1964, p 38-42 and 44—47. 


| | 
PEAK DETECTOR 
AND FILTER 


UNIJUNCTION 
TRANSISTOR LOG 
CONVERSION CIRCUIT 


LINEAR SWEEP 


PULSE AMPLIFIER AMPLIFIER 


] BUFFER STAGE 


\ +42V +25V 4 
O 


| 
i 
| 
| 
| 
| 
| 
| 
! 


c 


2n4al, 


[ 
| 
1 
' 


( 22v6 


LINEAR TO LOGARITHMIC—Provides logarith- 
mic d-c output for linear d-c input, using ujt in 
R-C relaxation oscillator network, Output 
pulses of ujt are amplified and used to synchro- 
nize linear sweep generator-amplifier. Result. 


I t 
ing sawtooth pulses go through peak detector 
and filter to buffer amplifier that delivers de- 
sired d-c voltage, proportional to period of 
syne pulses and therefore proportional fo nat- 


ural logarithm of input voltage.—J. Sheehy, 
Device Provides DC Linear To Logarithmic Con~ 
version, Electronic Design, July 6, 1964, p 50—~ 
51. 


CONVERTER CIRCUITS—GENERAL 149 


A Cy + 
100 pF 
1ov Ro 
=" 47k 
DO, 


OSC. INPUT 


ALL DIODES IN9I4 
ALL TRANSISTORS 2N3663 


7 o*%. 
comet 6 tc 9 VOLTS g0Uk 
= 
T +, INPuT 
= { 
OUTPUT fone 
10HF BK HEP 581 
4-INPUT GATE 


SINE TO SQUARE-WAVE [C—Converts any 
audio signal generator with at least 2 V p-p 
output to high-quality square-wave generator. 
—"Tips on Using IC’s,“" HMA-32, Motorola, 
Phoenix, Ariz., 1968. 


Ug 


uy U, us Up uq Uy ug 
9 9 


40 DIODES IN4I148 
10 TRANSISTORS (2N3417) = 
LAMPS NO. 1829 40MA @ 28V 


BINARY~TO-DECIMAL CONVERTER—Binary sig- 
nal in 8-4-2«1 code is converted by diode 
matrix to decimal code which lights one of 
ten lamps, each having a transistor driver.— 
R. M. Muth, Digital Circuits with Visual Read~ 
outs, General Electric, Syracuse, N.Y., No. 
671,3, 1966, p 11. 


SIGNAL-POWERED SINE-SQUARE—Delivers 
square-wave output in range of 2 to 16 V 
p-p at frequency of 600-chm oscillator feed- 
ing input, in range of 5 Hz to 600 kHz. Cir- 
cuit derives its own positive and negative 
supply voltages by rectification of input signal 
in D1 and D2. Output waveform is essen- 
tially independent of frequency, with 20-ns 
rise time and 30-ns fall time.—D. R. Morgan, 
Signal-Powered Sine-To-Square Wave Con- 
verter, EEE, Nov. 1969, p 107-108. 


Up 


swe 


DIGITAL CONTROL OF VOLTAGE—Two parallel 
trains of information pulses are applied to 
balanced input terminals of Philips DOA40 IC 
opamp through two OS11 IC monostable 
mvbrs. With DOA4O externally connected as 
difference amplifier and integrator, output 
voltage Uo is proportional to difference be-~ 
tween number of input pulses arriving per 
unit of time. This voltage is held even when 
no further pulses are delivered.—Electronic 
Potentiometer With 40- and 10-Series Circuit 
Blocks, Philips, Pub. Dept., Elcoma Div., Eind-~ 
hoven, The Netherlands. 


2N501 Gee 


SINE-SSQUARE CONVERTER—For 5~MHz sine- 
wave input at 2 V p-p, output is 2-V p-p 
square wave having rise time of about 20 ns. 
Circuit uses emitter-coupled limiter in which 
rise time is limited only by switching times 
of transistors.—H. Hahn, Emitter-Coupled 
Limiter Produces HF Square Waves, ‘400 
Ideas for Design Selected from Electronic 
Design,” Hayden Book Co., N.Y., 1964, p 66. 
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9165 1N270 


RMS TO D-C~—Provides d-c output voltage 
directly proportional to rms value of input 
voltage. Input passes through a-c/dec con- 
verter, polar squaring, integrating, and 
square-root operations. Input levels are 
limited to about 5 V peak or 3.5 Vrms. Re- 
quires both 15-V bipolar d-c and 25 Vi dee 
supplies for OEI IC units. Upper frequency 
limit is about 10 kHz and accuracy is 3%.~— 
A True RMS To DC Converter, Optical Elec. 


tronics, Tucson, Ariz., No. 10058. 


$2tk 


DIODE BIAS SUPPLY—Data-compressing con~ 
verter delivers output voltage proportional to 
logarithm of a-c input over 36-dB range. 26.1k 
Bias voltage is provided by single diode, in- 
stead of with separate batteries usually 
required.—R. K, Nisbett, Diode Bias Replaces 
Batteries in Logarithmic Converter, Electronics, 
Nov. 14, 1966, p 123-124. 


ALL DIODES GEIN3068 
ALL RESISTORS 1% 


3.3yt 
INPUT 
+ 619k 


220pf 


+5y. 
COMPARATOR 


SCHMITT TRIGGER 


IN PHASE 


SQUARE 
WAVE 
OUTPUTS 


72 LU380A 


Ry 


10k 

SINE PHASE <tk 180° OUT 
WAVE 4.7k ADJUST 

INPUT OF PHASE 


TRIGGER BIAS 
ADJUST 


SENE-SQUARE CONVERTER—Produces square- 
wave output pulses shifted in phase as much 
as 360 deg from analog sine-wave input, 
Output remains at IC logic levels of 0 to 5 V 
for wide range of analog input voltages. 
R-f IC amplifier at input operates as compara- 
tor and level shifter, driving Schmitt trigger 
using half of quad NOR gate.—W. G. Jung, 
Wave Squarer Shifts Phase as Much as 360 
~6y Deg, Electronics, Aug. 3, 1970, p 75. 


CHAPTER 19 
Converter Circuits—Radio 


470pF 


© 


10mH 


+V 
25 DB CONVERSION GAIN—With 300-MHz 


local oscillator signal (fed through 1,1 pF) MM1941 transistor, output is 50 MHz. Re- — sistor Mixer Design Using Admittance Parame- 
and 250-MHz r-f signal injected into base of port gives design procedure.—E. Klein, Tran. ters, Motorola, Phoenix, Ariz., AN-238, 1967. 


0.68 pf 


I-F 
Loop Y/, OUTPUT 
ANTENNA & “A Rs 455 Khz 


262 {O8pf FET A-M CONVERTER—Inexpensive self-oscil- 
lating converter handles strong signals with- 
Cy out overloading, while providing required 
aa — 0,02 gain for low-level signals. Age circuit gives 
7” | required square-law characteristic, so only 
e | sum and difference signals are produced. 
D 0,02 Transistor of first i-f amplifier is age voltage 
| | source, Circuit provides better overload ca- 
pability and lower noise figure than most 
— | transistor a-m receiver front ends using sep- 
ES eee hs ee ts ee ES ce oe Poets nt arately excited mixers.—D. R. van Reckling- 
hausen, FET Converter is Self-Oscillating, Elec- 

TO AGC VOLTAGE SOURCE B+ tronics, Dec. 23, 1968, p 62-63. 
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1, $, 2NZ398 saa 2N2398 suo 
Fy, anizaz anira2 2ni74aa ES 
220 = RE « Smt RE nl pita — 14-19me 
} Output 
Ly bs 
> 3h leak > i 


Lik 
AW 


2N1745 
Osc.Inp 


Smmt 220-225 MHZ to 14~-19 MHZ—Uses overtone 
crystal oscillator having tuned emitter circuit. 
Forward gain control acts on both r-f stages. 
L1-17 are 4 turns No, 20 on V4 inch brass 
slug-tuned forms, All coupling loops are 1 
turn. L8 is 13 turns,No. 24 on same form. 
—F, C. Jones, Transistorized Converters for 
V. H. F., CQ, Nov. 1966, p 36-40 and 102~— 
103. 


6-METER CONVERTER—If connected between 
antenna and antenna terminals of receiver 
that can be tuned to 7 MHz, permits reception 
of 50-54 MHz amateur band. Gives overall 
gain of 30 dB, with sensitivity of 1 nV for 
10 dB s/n ratio at receiver audio output with 
30% modulated signal. Article gives con- 
struction and alignment details, Crystal is 
43-MHz third-overtone. Coil-winding data 
is given. Parts values are: R? 5.1K; R2 
8.2K; R3 1.2K; R4 11K; RS 10K; R6 2K; R7 
12K; R&B 2.2K; R9 470; R1O 1K; Cl 0.003 ,F; 
C2, C6 5-80 pF trimmer; C3, C7 0.1 uF; C4 
0.01 wF; C5 18 pF; C8 0.001 uF; C9 5 pF; C10 
0.05 uF; C11 25-380 pF trimmer; C12, C13, 
C16, C17, C18 0.02 uF; C14 12 pF; C15 82 pF; 
Ql, Q3 HEP3; Q2 HEP2; RFC? 18 wH; XTAL 
43-MHz third-overtone.—'Solid State Projects 
Manual,” Motorola, Phoenix, Ariz., 1968, p 
57-62. 


CONVERTING 250 MHZ TO 50 MHZ~Uses wW aN 


2N3308 transistor, with base injection for gives complete design procedure. Conversion Transistor Mixer Design Using Admittance 
both 250-MHz r-f signal and 300-MHz local gain is about 25 dB for 1 V input from local Parameters, Motorola, Phoenix, Ariz., AN-238, 
oscillator signal fed through 1.1 pF. Report oscillator and 1.8 mV r-f input.—E. Klein, 1967. 
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5.5-18 pF 502 


IF 
60 MHz 
502  —«0.5-8 pF 0.5:8 pF 
RE 2N3823 
200 MHz 470 pF 
5082 
L2 0.5: LO- 260 MHz 
18 pF 
sii Lt = 36 TURNS #24 ENAMELED WIRE L2 = 1-1/2 TURNS #18 SOFT DRAWN 
0.001 CLOSE WOUND ON 1/4” 1D FORM WIRE ON 3/10 INCH 1D, 0.3 INCH 


WITH SLUG. TAP AT APPROX|- LENGTH. 
| DONE En TOTAL LENGTH ALL OTHER COILS ARE STANDARD 
= : MOLDED CHOKES, 


PARALLEL-TRAP MIXER—Trap removes 260- Autotransformer provides high-impedance MHz.—S, P, Kwok, A Unified Approach to 
MHz local oscillator signal in 200-MHz matching at output. Conversion gain is 10 Optimum FET Mixer Design, Motorola, Phoe- 
common-source source-injection fet mixer. dB, noise figure 6.8 dB, and bandwidth 2.2 nix, Ariz., AN-410, 1967. 


500 Ci +15 Vde L1 = 36 TURNS #24 ENAMELED WIRE, CLOSE L2 = 2 TURNS #18 TINNED WIRE 
LO WOUND ON 1/4 INCH1.0, FORM. 3/10 INCH [.D., 0.3 INCH LONG. 
sy inte P 0.5-8 pF Loa age ALL OTHER COILS ARE STANDARO MOLDED CHOKES. 
7 . L3. O18 pH 
3.9 aH : i c7 5022 
2N3823 1F 
5002 50 MHz 
RF C5 0.58 pF 
200 MHz 
GATE-INJECTED MIXER—Common-source fet 
f.001 3.9 wH with gate injection gives slightly higher con- - 
: version gain than source injection, for mix- 
aL ? y Veo ing 250-MHz local oscillator with 200-MHz 
2 rf signal to get 50-MHz i-f output. Parallel 
trap in output removes local oscillator signal. 
~§. P. Kwok, A Unified Approach to Optimum 
FET Mixer Design, Motorola, Phoenix, Ariz., 
AN-410, 1967. 
Vg = 15 Vde 
0,08 
SOURCE-INJECTION MIXER—Common-source Choke and two capacitors serve for both input ¢ 
fet mixer combines 200-MHz r-f input signal and output matching networks.—S, P. Kwok, A RFC = 
with 260-MHz local oscillator signal to give 60- Unified Approach to Optimum FET Mixer De- 10 pH 
MHz output with 11 dB conversion gain. sign, Motorola, Phoenix, Ariz., AN-410, 1967. 
502 
60 MHz 


lu 2N3823 
0.001 
502 


200MHz 260 MHz 


L1 = 5 TURNS TINNED #20 WIRE, 
ID = 0.15 INCHES, LENGTH = 
0.6 INCHES. ALL OTHER INDUCTORS 
ARE STANDARD MOLDED CHOKES. 
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ELECTRONIC 


HALF-WAVE CARRIER SWITCH—Addition of 
two diodes (from CA3019 diode IC array) to 
conventional balanced mixer effectively dou- 
bles desired output voltage and halves unde- 
sired oscillator signal at output. Improvement 
in conversion gain cannot be realized above 20 
MHz, because of capacitances associated with 
IC diodes.—“Linear Integrated Circuits,” RCA, 
Harrison, N.J., IC-41, p 305. 


ALL-BAND—High-Q toroidal antenna coil tunes 
from 7 to 28 MHz without bandswitching. 
L1 is 12-uH tube-type antenna coil in reverse. 
Use 10.5 MHz for Y1 and 1.5 “4H for L2 to 
cover 7-MHz band, 17.5 MHz and 0.9 «H for 
14 MHz, 24.5 MHz and 0.6 «H for 21 MHz, 
and 31.5 MHz and 0.5 gH for 28 MHz.—R. 
Jayaraman, A Deluxe 40673 Converter, CQ, 
Feb. 1970, p 46-48. 


3.9 uH 
REC 


2N3823 


Ant. thru 
T/R Switch 


10-250 MHz 
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RL 


432 MHZ TO 16 MHZ—Overtone crystal shown 
is used for 16-MHz i-f; for 14-MHz i-f, use 
69%4 MHz crystal, Oscillator output is dou- 
bled in frequency by 1N82A diode. Article 
gives winding data for all coils.—F. C. Jones, 
Transistorized Converters for V. H. F., CQ, 
Nov. 1966, p 36~40 and 102-103. 


3.5 me 
Tunable IF 
(2) 


SOURCE-INJECTED FET MIXER—Parallel trap 
in output removes 250-MHz local oscillator 
signal which is injected into source through 
470-pF capacitor. Report covers design of 


optimum common-source fet mixers.—S. P. 
Kwok, A Unified Approach to Optimum FET 
Mixer Design, Motorola, Phoenix, Ariz., AN- 
410, 1967, 
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eni7a2 OL 
"4 + 2n2398 
1Aa~ a0! i 
148m! 
Inpul 


144-148 MHz TO 14~18 MHz—Overtone 
crystal oscillator furnishes 130 MHz signal to aap 
mixer. Has excellent frequency stability. £09) 
Includes forward-type manual r-f gain con- 
trol, All coils are 3 turns of number 20 
wound on ¥% inch brass slug-tuned forms. 
LI is tapped at 1 turn, while 13, L4, and 15 
have I-turn secondaries.—F, C, Jones, Tran« 
sistorized Converters for V. H. F., CQ, Nov. 
1966, p 36~40 and 102-103. 


47 WMII06 1.0 pat 
gob 


SIGNAL 


OUTPUT 
SIGNAL 


INPUT a7 le | 

2.0ut iE 1 MHZ FROM 60 MHZ—Provides 20-dB sup- 

an as pression of 60-MHz i-f input signal and local 

oat oscillator signal in output, yet employs only 

simple fixed-tuned circuits using IC video 

amplifiers, Conversion gain is 5 dB. Uses 

double-balanced down converter.—S, G. Shep- 

herd and A. E. Seman, Design With Integrated 

Circuits at 60 Mec, Electronic Design, Aug. 2, 
1965, p 30-33, 


BK 


+20V0C 


LO. 


0, 8K 
INPUT 


47 WMIL06 


2N2221A 


502 


CONVERTING 30 MHZ TO 5 MHZ—Report A, for base injection into transistor along with 1 ‘V input from local oscillator.—E. Klein, Tran- 
gives complete design procedure. 35-MHz 30-MHz r-f signal, to give 5-MHz i-f signal at —sistor Mixer Design Using Admittance Parame~ 
local oscillator signal is injected at terminal output. Conversion gain is above 30 dB for ters, Motorola, Phoenix, Ariz, AN-238, 1967, 
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HO) -S2me 


hupul 


2Ni7a7 


fie 14- lone 
27 ay Output 


50~52 MHZ CONVERSION TO 14—16 MHZ~ 


Four tuned circuits give good image suppres either tube or transistor receiver that sunes to 


sion and i+f signal rejection, Can beused with output frequency.—F. C. Jones, Transistorized 36-40 and 102--103. 


| output 
F CIRCUIT 


50-T0 500-knz 
BANDPAS 
Fiver oat (+ OY ty ihn 
E {— cRYSTAL 
SiG OSCILLATOR 
3 330 
= Ey 2500 my 


CARRIER 
BALANCE 


LOW-COST MIXER FOR 1-MHZ CARRIER—-Two- 
transistor mixer eliminates costly transformer 
required by diode quad, and also provides 
conversion gain, Circuit cancels fundamental 
frequency and produces two sidebands across 
output load—for even-order harmonics of input 
and carrier, Crystal input amplitude is ten 
times 60-mV input signal omplitude—tL, E. 
Geisler, Cross-Coupled Transistors Form Bal- 
anced Mixer, Electronics, Oct. 17, 1966, p 91. 


SWITCH SI(o,b,¢) 
SHOWN IN THE OFF, OR 
CONVERTER OUT 
POSITION, 


BALANCED MIXER—Uses two diodes in 
CA3019 diode IC array. Conversion gain 
for 45-MHz input signal and 55-MHz oscil- 
lator signal varies from —6 to ~-15 dB de- 
pending on oscillator voltage amplitude, and 
is 6 dB for 0.7 V.~‘Linear Integrated 
Circuits,” RCA, Harrison, N.J., 1C-41, p 305. 


AUTO POLICE-BAND CONVERTER—Uses single 
fet Q1 as mixer for receiving any 1-MHz 
band between 25 and 55 MHz on any auto 
or portable radio, Article gives instructions 
for calculating crystal frequency for oscillator 
Q2 to receive desired band. F-m signals in 
emergency and business bands are received 
by tuning auto radio off to one side, to take 
advantage of slope detection. Value of Cl 
is 33 pF for 25 to 35 MHz, 15 pF for 35 to 
45 MHz, and 10 pF for 45 to 55 MHz. Con- 
struction details are given.—Edward A. Morris, 
Build SimCon, Elementury Electronics, Mar.— 
Apr. 1970, p 57—62. 


Converters for V. H. F., CQ, Nov. 1966, p 
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iN 
A-M TO F-M CONVERTER—Converts ampli- 
tude-modulated information to frequency- 
modulated information, with output frequency 
proportional to amplitude of input signal. 
RI controls percentage of modulation or 
maximum number of cycles that signal will 
deviate from carrier position. Uses form of 
relaxation oscillator for conversion, with saw- 
tooth output formed by charge and discharge 
of C1.—"Selected Electronic Circuitry,’ NASA 
$P-5046, Government Printing Office, Washing- 
ton, D.C., p 16. 


GEN 
21,75 MHz 


+6V 


(75 MHz 


50 
n 


IC BALANCED MIXER—Uses 1C r-f amplifier 
with external connections shown to convert 
20 MHz to 1.75 MHz.—“Linear Integrated Cir- 
cuits,“ RCA, Harrison, N.J., 1C-41, p 227. 


NOTE: To locate additional circuits in the category of this chapter, use the index at ithe back 
of this book, Check also the author’s “Sourcebook of Electronic Circuits,” published by 


McGraw-Hill in 1968. 


CHAPTER 20 
Counter Circuits 


+180V 
CATHODE-COUPLED SCR RING—Will drive 
high-voltage loads requiring currents up to 
50 mA. Chief advantage is that square atv 
waves across each load are undistorted and 
free from commutation transients. Chief 
drawback is limitation placed on circuit speed 
by large values of commutating capacitors 
C4, C5, and C6.—D. R. Grafham, Using Low 
Current SCR’s, General Electric, Syracuse, N.Y., 
No. 200.19, 1967, p 26. 
GND 
A A a ALL SCR'S: CIO6B, OR C6B 
ALL DIODES: AIZB OR AI4B 
SHIFT LINE 
270Vssn.0 [oe 
Gee os Sea WP 
R R Rg De Rio Rig Ri Rig 
OM, roma 6B80KN CA 210 toma foMn 680k +OMN 
Ca 
c3 680OpF 
+ os | i: oa 
3300 
pF 
25045 A * 5045 Me a8 s 
27000 bk 120K 2504 2700U 23 B2k0 z504 
GDA 6 cE 
Gos (| ° 
9 A70pF 9 
Next 
eC. stoge 
4 Cy pole) we Cg = 
r 3960 820pF ‘T 4709F 4700| “J 1000pF 
pF 
Re Rg Ry Ria s RS Ry R: 
7 20 
39 180 270 150n 39 ATK 
Mo} D3 | ka kN} Dg Mo itis 5 
keris OA 
202 202 
t33V +30 +30V 
+40V +40V 
2 Ce See 
ee J C [ 
“17OV So + if 
Reset, 
ding L ai 


4-KHZ COUNTER CHAIN—Uses three gas- cold-cathode trigger tube circuits, and Iast Tube Coupling Circuits for the 2504S Stepping 
filled decade counter tubes, for counting units, two tubes are coupled by 40-Hz circuit. Tube, Philips, Pub. Dept., Eleoma Div., Eind- 
tens, and hundreds at maximum speed of 4 Chain can be continued with 40-Hz coupling hoven, The Werherlands, No. 15, 1965, p 16— 
kHz. First two tubes are coupled by 400-Hz circuits.—G, F. Jeynes and S. Zilkha, Trigger 25. 
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Dagmar FF4 OUT ALL FLIP-FLOPS WM2I5T 
= {00pnf FF3 OUT OTHER (C'S WM221T 
FF2 QUT 
03) FF1 OUT 


4.7k 
+6y @) 


JLENABLE GATING SIGNAL 


REVERSIBLE COUNTER WITH IC‘S—Four stages : 
are shown, to give general solution involving set of flip-flops but reset in opposite direc- 150 ns.—L. J. Brocato, Digital IC’s Shrink Re- 
use of NAND gates and other digital 1C’s. tions. Article gives step-by-step description versible Counter, Electronics, Oct. 16, 1967, 
Two identical serial counters share single of counter operation. Switching speed is .p 96~98. 
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7 —4— pt ; a +455V 
2 390 Pa ane r™ 
7 & rms 8/20 one 
dc. working 
os — ty + + — Bid Oov 
Ag Og A200 cy Pay 
230v e100 5, 90 Rg OA2207 Ol oo 200 ae working 
wu Fran] A210 +00 MQ, Ry 0 
z t10% 2B sin 5 fy e800 2V 
oS Iw t0% 
e—40 0Aaz207 
C6 aay 
208) Ts dc working 
A ~28V 
De 
A210 
eC. ¢ 
an) ~45v 
ew 3% our | opr ones 
wire 239 200 200V 
wound ?« O dc, de 
$30 working —|working -O-54:4V 
a 
OA 
che, 210 O-1/0V 
Sur 
250V 
aiething Where fewer than six 2504S are used 
wha SISSY. avalue of R* should be inserted as 
Ro S$ follows: 
100n ew 275 5 Tubes 1MQ 
£10% ware 2a? 4 Tubes 630kKQ +120kQ0 =800k02 
aw wound? 3 Tubes 339k +-270kQ = 600kQ, 
4.2. 200V 10% 2 Tubes 39kKA+10kQ —400k0 
1 Tube 120kQ +82kQ =200kQ 


SIX-DECADE SCALER POWER SUPPLY—Pro- 


with either photoelectric or triggered block- 
ing-oscillator input.—G, C. Chappell and G, 
F, Jeynes, Transistor Coupling Circuits for the 


vides all voltages required for six-decade 
scaler using 2504S decade stepping tube, 


2504S Stepping Tube, Philips, Pub, Dept., 
Elcoma Div., Eindhoven, The Netherlands, No. 
15, 1965, p 26~38, 


+12 


4.7K 


20KHz 
PW. 12-25ySEC 


JUL ansers 


10K 


REVERSIBLE SCS RING--Will operate at count 
rates of 20 kHz and higher. When Q1 con- 
ducts, count shifts from right to left, and in 
reverse direction whan Q2 conducts. There 
is no possibility of false triggering when 
changing direction of count. Output is taken 
at anode gate of scs, where voltage is +1 
V when stage is in its “I state (ses on) and 
+12 V when ses is off ("0") state.—R. M, 
Muth and W. R. Spofford, Reversible Ring 
Counters Utilizing the Silicon Controlled 
Switch, General Electric, Syracuse, N.Y., No. 
90.58, 1966. 


2N3414 
Q, 


2N3414 
Qe 


COUNTER 
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500V +16% 
- 15 Me 


asvisn 


4-KHZ TRIGGERED BLOCKING OSCILLATOR 
FOR COUNTER—Used when counting input 
signals at speeds above 1 kHz. Improves 
reliability by providing close control of pulse 
shape and amplitude, independently of tem- 
perature effects. Report gives winding data 
for transformer, design considerations, and 
waveforms,—G. C. Choppell and G, F. Jeynes, 
Transistor Coupling Circuits for the Z504S 
Stepping Tube, Philips, Pub. Dept., Elcoma 
Div., Eindhoven, The Netherlands, No. 15, 
1965, p 26~38. 


330kQ 
mae Le sy 


AT} 


$2 4 


T FCJ211 


DYNAMIC DRIVE FOR INDICATORS—Handles 
ten numerical indicator tubes, of which three 
are shown, RI, R2, and R3 are reset ter- 
minals, Counter function is provided by 
Philips FCJ141 IC foursstage asynchronous 


paralle} input 


decade counter producing NBCD-coded out- 
puts. FCJ221 is Philips quadruple-latch flip- 
flop, FCJ211 is 4-bit shift register, and FCL- 
111 is decoder-driver. Numerical indicator 


cathode 
selection 


a, 


Jy 


tubes can be ZM1000.—Ph. de Weger, Nu- 
merical Indicator Tube Drive Using the FC 
Family of Integrated Circuits, Philips, Pub. 
Dept., Elcoma Div., Eindhoven, The Nether- 
lands, No. 58, 1969. 
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v= IS VOLTS 


Ro 


Ro Ry * 2.2K 
Ro = 8.2K 


AL * 1.0K 
RL c*.001 


RING COUNTER WITH IAMPS—Sequentially 
transfers power to series of loads in response 
to pulse-train input signal. Any number of 
stages may be used. Output signals may be 
picked up as negative pulses at A or B, by 
current sensing at C, or by light sensing if 
lamps are used as loads. Input signal must 
be 6-mA negative current pulse lasting about 
500 us. Reset switch must be pressed and 
released after power is applied, to start op+ 
eration.—J. Bliss and D. Zinder, 4-Layer and 
Current-Limiter Diodes Reduce Circuit Cost and 
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SUS RING WITH RATE-EFFECT RESISTOR—~Uses 
resistor from supply to each gate lead to sup- 
press rate effect. 
with type D13P1 sus and resistive loads such 
as lamps. 


Will operate up to 10 kHz 


Uses common-cathode connection. 


When supply voltage is applied, sus with 
lowest switching voltage comes on first, and 

c succeeding pulses step count along.—W. R. 
Spofford, Jr., Applications of the New Silicon 
Bilateral Switch and the Silicon Unilateral 
Switch, General Electric, Syracuse, N.Y., No. 
671.3, 1966, p 7. 


2N2195 


Complexity, Motorola, Phoenix, Ariz, AN-221, CIRCUIT VALUES 
1966, : 
Cy = 0.5 pF Da, 3,5,m 7 24002 
enter Cy * 0,02 uF Dy 4,6,N = M4L3050 SERIES 
Cy Cy = 0.05 uF Ry = 8200 
L = 10 mH Ry = §10 
Q.* 2N2195 
6B Tay ee a —y = le 
S 2 S 
Vee F439 T Ro BRu =Ra 
oy 4 = 
RE ER, 
7 7 De 09 1¢ 2 
eset 
pulse Ry + zi 
| cP Tt 
~- ele > a +}. aT et ee 
: RRS FEC So 3} 
inpu' ; 
it eS ee 


2h 


dark 
Se 
(ices 
ov 


so 


RING COUNTER WITHOUT DISPLAY—May he 
used to drive contro! circuit for numerical 
printout device, with negative-going output 
pulses taken from terminal points 0, 1, 2 


.» + 8 and 9. Values are: R1 820; R2, R3, 
4.3K; R4, R10-RT9 2.2K; R20-R29 3.9K; R30 
R39 1K; CI, C2 5.6 nF; C1O-C19 1 nF.—D. J. 
G. Janssen, Circuit Logic with Silicon Con- 


trolled Switches, Electronic Applications, 
Philips, Pub. Dept., Elcoma Div., Eindhoven, 
The Netherlands, Vol. 27, No. 1, 1966-1967, 
p 111. 
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VIS VOLTS 
2702 


Ya 


Ry #6 VOLT INCAND. 
35-45 MA. 


ALL SIG. DIODES 
INaoo0s 


JLIL a 
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SUS LAMP-DRIVING RING COUNTER—Will op- 
erate up to 10 kHz. When supply voltage is 
applied, sus with lowest switching voltage 
comes on first, Succeeding count pulses ap- 
plied to base of drive transistor step count 
along from stage to stage. Circuit is 
common-cathode type. Uses D13P1 sus.—W. 
R. Spofford, Jr., Applications of the New Silicon 
Bilateral Switch and the Silicon Unilateral 
Switch, General Electric, Syracuse, N.Y., No. 
671.3, 1966, p 7. 


+12V 


5V 

20uS 
SEGMENT DECODING—Decoding circuit is OR 
gate formed by resistor group driving into 
transistor. This transistor provides threshold 
for gate and gain for driving lamp. Input to 
decoder is decimal-type signal from ring 
counter, portion of which is shown. Counter 
signal is referenced to ground, for compati- 
bility with OR gates in decoding matrix.—R. 
M. Muth, Digital Circuits with Visual Read- 
outs, General Electric, Syracuse, N.Y., No. 
671.3, 1966, p 14, 


oto 
eee 
ov 


SCS RING COUNTER—Drives ZM1000 0-9 nu- 
merical indicator tube. Circuit design is 


negative-going. Values are: Rl 15K; R2, RIO- 


C *.0047 pt 
9 Rt=lOKQ 
R2= 10K Q. 
R3*3,3K0, 
Rar lOKQ 
SCS =3NQl 


3 primer 


Electronic 


* trolled 


Switches, 


Reo 


Applications, 


simpler and less expensive than those using 
flip-flops. Input pulse amplitudes and dura- 
tions are not critical, and can be about 12 V 


R19 IK; R3-R4 5.1K; RS 10K; R6 2.2K; R20 10 
meg; C1-C2 4.7 nF; C10-C19 390 pF.—D. J. 
G. Janssen, Circuit Logic with Silicon Con- 


Philips, Pub. Dept., Elcoma Div., Eindhoven, 
The Netherlands, Vol. 27, No, 1, 1966-1967, 
p 1-11. 
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Ri 
33K 


CRI 
GE AI3B 


SHIFT LINE 


SCR HIGH-LEVEL SWITCHING—Ser’s are both 
practical and economical for high-level 
switching within counting sequence in basic 
three-stage ring counter, despite popularity 
of IC modules for low-level switching. 
Article covers design procedure.—E. Kiburis, 
Sequential Control with Silicon Controlled 
Rectifiers, EEE, March 1970, p 100-103. 


POSITIVE 
INPUT 
PULSE 


8CD-DECIMAL DEC 
SN7442 ABER 
0123456789 


RING OUTPUT 


MSU RING COUNTER-Con be assembled with 
minimum number of 1C connections, Straight- 
binary ripple-corry counter is driven by clock 


Voce 
{00V 


8CD-DECIMAL DECOD 
SN7442 an 
9123456789 


pulses and in turn drives two decoders, one 
for outputs 0 to 7 and the other for 8 to 15. 
Decoding networks allow only one output, so 
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SCR RING COUNTER-—Three-stage cathode~ 
coupled ring counter can drive high-voltage 
loads up to 50 mA, Additional stages may 
be added. Useful in digital applications. 
Transfer along string always proceeds in 
same direction, with each transfer initiated 
by pulsing common input line. Gives undis- 
torted square waves, free from commutation 
transients, across each load.—”“SCR Manual,’ 
4th Edition, General Electric, 1967, p 161~162. 


iit { rot 
cP 
RING OUTPUT 
{ 
No 
STROBE) 2 
3 
1 
WITH 
STROBE.) @ 
3 


false 


Sune 8, 1970, p 96. 


only one pulse can go around ring even if 
triggering occurs.—W. Nadler, 
Ring Counters with Standard MSI, Electronics, 


COUNTER CIRCUITS 


IN4008, 


IN400S 


o +12V 
' 
4 
4 


IN400S 
MAY BE 
\ OMITTED 
1 on LasT 
STAGE 


avo 


PULSE-SHAPING DRIVE—Supplies square-wave 
input signals to scs ring counter when posi- 
tive-going pulses are fed to base of BRY39 
scs.—D. J. G. Janssen, Circuit Logie with Sili- 
con Controlled Switches, Electronic Applica- 
tions, Philips, Pub. Dept., Elcoma Div., Bind. 
hoven, The Netherlands, Vol, 27, No. 1, 1966—~ 
1967, p 1-11, 


+28V 


3102 
10 WATT 


IN4148 
b2 


2N3 416 
Ql 


+20V0 
B.C. 
REGULATED 
O-10 DC, mA 
VERTICAL 
O-9 SCALE 
300. 


CURRENT SUMMING—Combines inte- 


four 
grated-circuit JK flip-flops in counter for use 


with meter or other analog readout. Sum 


of all currents will equal count stored with 


LIGHT 8ULBS-28V, 7OMA 


SCS LAMP-DRIVING RING COUNTER—Designed 
to handle large initial current drawn by in- 
candescent lamp when cold. When power 
is first applied, any number of stages may 
turn on; these are turned off by turning on 
Q1 with reset button. When reset button is 
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SCS BINARY—Stages are triggered by positive- 
going edge of input pulse, after sharpening 
by 3N81 scs input stage. Anode-cathode 
diode 1N4009 suppresses positive transients 
while ses is recovering. Each ses is turned 
on at cathode gate and turned off at anode 
gate.—Planar Silicon Controlled Switch 3N81/ 
3N82, General Electric, Syracuse, N.Y., No. 
65.16, 1964. 


Ic'S REQO, 


Zea, MC 79) 
Vea, MC 724 


TRANSISTORS 
MPS 2925 OR 
SIMILAR 

27k 


ALL SUMMING 
RESISTORS 5% 


1-2-4-8 counter. NAND gates at left are re- 
quired for preclearing.—D. E. Lancaster, 1C 
Decimal Counting Techniques, Electronics 
World, Sept. 1968, p 40-43 and 70. 


released, first scs stays on and the rest stay 
off. Each input pulse then moves turned-on 
stage one position to right.—R. M, Muth, A 
Ring Counter for Driving Incandescent Bulbs, 
General Electric, Syracuse, N.¥., No. 90.24, 
1965. 
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+12V 


OV 


SYNCHRONOUS AND GATE—Scs gate is used 
with ses ring counter to carry out switching 
and logic functions that are to be coordinated 
by a train of clock pulses. Gate responds 
only when negative-going clock pulse is ap~ 
plied to terminal 1 in) synchronism with 
negative-going input pulse of about 12 V at 
terminal 2, and then produces negative-going 
square-wave output pulse at terminal 3 last- 
ing for duration of clock pulse. This output 
is used for driving counter. Values: R1 10K; 
R2, R3 1K; Cl, C2 180 pF.—D. J. G, Janssen, 
Circuit Lagic with Silicon Controlled Switches, BINARY COUNTER—Neons provide high man, “Applications of Neon Lamps and Gas 
Electronic Applications, Philips, Pub. Dept., brightness and quick reaction time necessary Discharge Tubes,” Signalite, Neptune, N.J., 
Elcoma Div., Eindhoven, The Netherlands, Vol. — for display. Good up to 1.2 MHz—E, Bau. pp 141, 

27, No, 1, 1966-1967, p 1-11. 


ALL RESISTORS 1/2 W UNLESS INDICATED 
ALL CAPACITORS IN MMFD UNLESS INDICATED 


O00 BUS 


+3.6V,!20mA 


OCARRY 


IC BIQUINARY—tow-cost design (about $11 
per decade for parts) gives complete decimal 
counter, decoder, driver, and staggered 0-9 
lamp readout operating from dec to 8 MHz. 


Can also drive special biquinary Nixie indi- 
cator.—D. E. Lancaster, IC Decimal Counting 
Techniques, Electronics World, Sept. 1968, p 
40~-43 and 70, 


ALL n-p-n 2N5129 (6) 
ALL p=n-p 2N5139 (7) 
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CLOCK 
osc 
TU 0.0022 +150V 
{OV P-P 
47K 
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1O000pt 
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No.t 
No.2 
BEAM X 
TUBES 


RECYCLE 
AND GATE 


ONE OR MORE 
BEAMS CLEARED 


EOC ATION ALL BEAMS FORMED 
SCHEMATIC 


* {av 


BEAM-SWITCHING COUNTER RESTARTER—If 
beam of Beam-x counter tube clears for any 
reason during operation, circuit shown will 
start tube again automatically. Circuit will 
operate on as little as 3 V from clock oscil- 
lator.—W. C, Whitworth, Simple Circuit Starts 
Beam Tubes Automatically, Electronic Design, 
Jan. 18, 1965, p 44 and 46, 


3.9k 


INSI4 


—j 


INPUT 
PULSES 


Cy 
0,033 pf 
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PULSE DIVIDER—Gives single output pulse for 
any desired number of input pulses in range 
from 2 to 90, without binary counter or 
decoder, Input pulses trigger one-shot mvybr 
Q1-Q2, which delivers 150-us pulse that is 


clamped at 6 V by D1 and applied to base of 
constant-current source Q3 for charging Cl. 
Setting of 10-turn precision pot R1 determines 


number of pulses required to charge Cl to 
point at which Q4 fires and delivers one 
output pulse.—S. Domanski, Circuit Divides 
Pulses Without Binary Counters, Electronics, 
Sept. 30, 1968, p 51-82. 
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2.700U 33kNS Bake 
C2 
GDA “5 GDA 
GOB 470pF ‘ GDB 
Next, 
stage 
Ro we CI Rg 2 Roe C3 Ra we C5 Ry 
270k0. "FP 470pF 150M < 39 $4700 "47Kn "™ 1000eF 270k. 
MOQ pF 
Oo 
202 +40V 
+30V o—3- - fa ~ 4. 
ove 
“2 ER om + 
~17OV F0% 


71S 


40-HZ COLD-CATHODE COUPLING—Circuit 
shows method of using Z700U cold-cathode 
trigger tube in self-extinguishing circuit to 


120 VAC 


provide economical and reliable coupling be- 
tween gas-filled decade counter tubes in coun- 
ter chain.—G. F. Jeynes and $. Zilkha, Trigger 


RI ADJUST TO GIVE 120 VOLTS 
ACROSS Cl (DEPENDING ON LOAD) 
R2 : 4.7K 2W 
R3 : 10K I/2 W Cl (00 n F ,200V 
R4 : 500K LINEAR POT C2,C3,C4 ) Sy F,200V 
R5 + 10021/2 W C5, C6, C7 -.Ol pF 
R6 : |MEG V/2W c8 ) i yuF,25V 
R7 : 472 \/2W cS : lyr 200V 


R8,R9,RIOVIK 1/2 W 
RH, RI2, RIBI33K 1/2W 
Ri4.! 330 ,/2W 


THREE-STAGE SCR RING COUNTER—Each stage 
can handle lamp or other resistive load up 


CRI-CR4> GE AIOB “, 
CR5 : GE Z4XLi8 ZENER 
CRE-CR8:GE AIZF 


to 100 W. Developed for counting applica- 
tions, but can be used also for turning on 


Qi 


LOADS: 


Tube Coupling Circuits for the Z504S Stepping 
Tube, Philips, Pub. Dept., Elcoma Div., Find. 
hoven, The Netherlands, No. 15, 1965, p 1é—- 


1 GE 2N2646 UJT 
SCRI, SCR2,SCR3 : GE C20B 


100 W 


ADDITIONAL STAGES MAY BE 
ADDED BETWEEN DASHED LINES. 


string of lights sequentially as for advertising 
signs.—A. A. Adem, Flashers, Ring Counters 
and Chasers, General Electric, Syracuse, N.Y., 
No. 200.48, 1966, p 4. 


BINARY COUNTER WITH LAMP READOUT— 
High-gain transistors and low-current lamps 
eliminate need for separate driver stages. 
Continues to work when either or both lamps 
are burned out. Can drive other identical 
circuits to form binary counter chain.—R. M. 
Muth, Digital Circuits with Visual Readouts, 
General Electric, Syracuse, N.Y., No. 671.3, 
1966, p 9. 


S25V t5%. 0 
270V +5%0 


COUNTER CIRCUITS 


LOW-COST UJT RING COUNTER—Uses 3N84 
scs ahead of DI3TI programmable ujt count- 
ing stages. When power is applied, only 
scs turns on. Next input pulse turns off 
D29A4 transistor momentarily, thereby turn- 
ing off scs and turning on first DI3TY when 
power is restored after momentary interrup- 
tion, Next pulse turns off first ujt and turns 
on next, with similar action. —W, R. Spofford, 
Je, The DI3T—A Programmable Unijunction 
Transistor, General Electric, Syracuse, N.Y., 
No. 90.70, 1967, p 13. 


TRANSISTORS ~ 2N3415'S 
LAMPS -# 344,- OV, I5 ma 


680k. 


\ DIODES - IN414B 
TOGGLE 


I30V tro 


3300 pF 


me C3 
"T™ 3900 
pF 
D3 
KENS £ 
+40V 
$33v 


$+ 


lOOkKO. 


ov 


410% 6 4 


NAN igen 


“I70V EIR" 0 
400-HZ COLD-CATHODE COUPLING—Cold- 
cathode Z700U trigger tube provides reliable 
coupling between gas-filled decade counter 


tubes in counter chain. Circuit components 
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are carefully chosen to provide sufficient time 
for recovery of trigger tube after firing, with- 
out false triggering. D-c restoring diode D3 
ensures that C4 discharges completely after 
each pulse.—G. F, Jeynes and S$, Zilkha, Trig- 


ger Tube Coupling Circuits for the Z5045 
Stepping Tube, Philips, Pub. Dept., Elcoma 
Div., Eindhoven, The Netherlands, No. 15, 
1965, p 16-25. 
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400-HZ PULSE-SHAPING COUPLER~—Three- 
transistor coupling for gas-filled decade coun- 
ter tubes will transfer pulses at speeds up to 
400 Hz by producing new pulses of defined 
shape and amplitude for driving next 2504S 
stepping tube. TR1 is current amplifier, feed 
ing cascode connection of TR2 and TR3 using 
inexpensive ACY17 low-voltage transistors 
instead of one high-cost high-voltage transis- 
tor, Input can be from external source 
through network CIN-RIN, or from cathode of 
Previous stepping tube V1.—G. C. Chappell 
and G. F. Jeynes, Transistor Coupling Circuits 
for the Z540$ Stepping Tube, Philips, Pub. 
Dept., Elcoma Div., Eindhoven, The Nether- 
lands, No. 15, 1965, p 26-38. 


2N4402 


‘% MC790P 


LOW-COST INCANDESCENT READOUT—Uses 
only seven switches to control ten bulbs. 
Sneak current paths keep all bulbs on all the 


~p-—-—-4---- 0 s00v 10% 


a 0 ASV ES 


Re 


Ra 1s 2-2k.Q for counting speeds apove 100pps 
R18 5°6kKN for counting speads below (GOpps. 


6 VOLT 50ma 
BULBS {10} 


MPS2923{S) 


Vy MC724P a 


= CARRY 
time, but dimly. Effect is minimized by supply voltage across OFF bulbs.—D. E, Lan- 
balancing resistors, to apply full supply volt- caster, For Low Cost, Count on RTL, Elec- 


age only to ON bulb, with one-third of tronics, Jan. 22, 1968, p 74—76. 


+180 V 


LAMP-DRIVING RING COUNTER—When source 
voltage is applied, one stage will be domi- 
nant and its transistor pair will turn on first. 
Click pulse turns off this stage and turns on 
next stage in ring. To obtain indication of 
state of counter, 560-ohm resistor may be 
replaced by 8-V 0.1-A lamp in series with 
47-ohm resistor, or additional transistor may 
be driven from tap on 560-ohm resistor to 
control brighter 12-V 2.2-W lamp. With 
transistor drive, counter continues to operate 
if lamp fails.—‘E-Line Transistor Applica- 
tions,’ Ferranti Ltd., Oldham, Lancs., Englend, 
1969, p 18. 


COUNTER CIRCUITS 


120K 


C*.001 pt 
Pi 33K 
R2+33K 
R3*33K 
SCS * 3N83 
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BIQUINARY COUNTER WITH READOUT-—Con- 
sists of binary flip-flop driving five-stage 
{quinary) counter. Two high-voltage tran- 
sistors perform both memory and driving 
functions in binary stage. Automatic reset 
of ring counter is provided by 4.7-V zener. 
Opereting limit is 5 kHz.—R, M. Muth, Digital 
Circuits with Visual Readouts, General Elec- 
tric, Syracuse, N.Y., No. 671.3, 1966, p 14, 


All n-p-n transistors, type ZTX300 (BCW10). 
All p-n-p transistors, type ZTX500 (BCW11) 
All diodes, type ZS140. 


RING COUNTER WITH RELAYS—~Low-cost com~ 
bination of thermal delay relays gives ade~ 
quate performance for low-speed counting 
applications, involving cycle times from 2 s 
to 3 min. If chain is closed, as indicated by 
dashed lines, counter runs continuously, Out- 
puts are taken from third set of contacts on 
relays. If start switch is momentarily closed, 
circuit runs through one complete program 
and stops.—G. Richwell, Free-Running Ring 
Counter Uses Relays, EEE, Feb. 1967, p 144— 
145. 
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Vp © 
+V, 


It 
TRIG O—-} 


vy, «100 voLTs tit 

Va = 205 VOLTS t 1% 
TRIG > 5 VOLTS, 10-30, 
Da—Dg *HDGOO (SILICON) 
Q, + 2N395 

Q2-Q, = 2N492 


UJT RING COUNTER~Arrangement shown is 
superior to other ujt versions, on basis of 
design margins, flexibility, and overall per- “on” state one stage to right, then back 
formance. Any number of stages may be from Q5 to Q2. Trigger width can vary 
used. Each input trigger pulse advances over wide range.—T. P. Sylvan, The Unijunc- 


VARIABLE-TIMING SCS RING COUNTER—Will 
perform reliably over wide range of voltage, 
temperature, loading, and frequency. For 
telemefering, transducers can be used in 
place of timing resistors RT, so duration of 
output is indication of measured quantity. 
For visual indication, connect low-current lamp 
between each output (V) and ground. Addi- 
tonal stages can be added as desired.—“Uni- 
junction Circuit Hints,” General Electric, Syra- 
cuse, N.Y., Fig. 12. 
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R, RQ *R3*Ri 24700 5% 
Ry 2 5.6K+ 10% 

Rig? 2.2Kt 10% 

C,* Cy—Cy 1000 up td $ 20% 
Ce* Olutd + 20% 


tion Transistor Characteristics and Applica- 
tions, General Electric, Syracuse, N.Y., No, 
90.10, 1965, p 68. 
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ints counter 


Jens counter 


Hundreds counter 


4-KHZ  SIX-DECADE 


SCALER—Uses  4-kHz 


triggered blocking oscillator to drive first 
cold-cathode stepping tube in counter chain. 
Power supply is designed to handle up to 


three additional decade steppers with asso- 
ciated three-transistor pulse-shaping couplers. 
Includes reset circuit for setting all counters 
back to zero.—G. C. Chappell and G, F. 


Jeynes, Transistor Coupling Circuits for the 
2504S Stepping Tube, Philips, Pub. Dept., Ef- 
coma Div, Eindhoven, the Netherlands, No. 
15, 1965, p 26-38. 


COUNTER CIRCUITS 


SUS BINARY DIVIDER CHAIN-—Silicon uni- 
lateral switch reduces number of components, 
as compared to transistor flip-flops, Output 
at point B is free from transients, 2N4987 
sus may also be used.—Silicon Unilateral 
Switch 2N4983/2N4986, General Electric, Syra- 
cuse, N.Y., No. 65.25, 1967. 


470 


SCR I 
2NI595 


FOUR-STAGE RING=Time constant of lamps 
limits upper counting frequency to about 20 
Hz in simple arrangement for counting clock 
pulses having widths between 2 and 10 ms. 
Count can be stopped mechanically by block. 
ing light beam between lamp and corre- 
sponding light-sensitive silicon controlled recti- 
fier.—R. Carvajal, Light-Sensing SCRs Make 
Simple Ring Counter, Electronic Design, Feb. 3, 
1964, p 50-51. 


$¢5'S — 3N83'S 
DIODES ~ IN4148 


V= IS volts 


NIXIE WITH AUTOMATIC RESET—Silicon con+ 
trolled switches combine functions of memory 
element and high-voltage driver for ring 
counter, Feedback from last stage to first 
is accomplished by breakdown of 4.7-V zener, 
causing all stages to turn off, First stage 
comes on automatically when power is 
applied. If any other stage also comes on, it 
will be automatically cleared out by suc« 
ceeding input pulses.—R, M, Muth, Digital 
Circuits with Visual Readouts, General Elec- 
tric, Syracuse, N.Y., No, 671.3, 1966, p 13. 


5V,15 2S 
oe ae 


\OK 


+12V 


SUS'S -2N4983 


UJT COUNTER—Gives 100:1 count-down for 
10-kHz input, to give one output pulse after 
100 input pulses, Capacitor C charges 
through constant-current source Q2 each time 
O1 is saturated by an input pulse, Circuit 
values are chosen from design equations 
given, so voltage across C will fire ujt Q3 
and discharge C through R4 at 100th pulse. 
—~R. A. Wilson, High-Ratio Pulse Counter 
Utilizes UJT Switch, Electronic Design, March 
15, 1965, p 58~59, 


+I70 V 
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+1L5V + 
2200 10K 
JL 2ne7l2 
SHIFT PULSE 
prt siOKG 
pws 10 TO 20pS 22K eek 


Uneser PULSE 
7V FOR > 1002S 


FIRST STAGE SECOND STAGE 
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VARIABLE-TIMING RING—Intervals between 
ujt-generated shift pulses are controlled by 
values of RT and CT, which can be different 
for each stage.—Planar Silicon Controlled 
Switch 3N81/3N82, General Electric, Syracuse, 
N.Y., No. 65.16, 1964, 


AND GATE WITH DELAYED OR—Used with 
ses ring counter to carry out switching and 
logic functions in synchronism with clock 
pulses applied to terminal 1. Negative-going 
12-V input pulse at terminal 2 produces 
square-wave output pulse for as long as clock 
pulse is on 1, provided at least one of D1-D2- 
D3 OR inputs is at zero level. if all OR 
diodes are at positive 12 V level, input pulse 
has no effect. R2-C2 introduces delay to in+ 
sure that change of d-c level has no effect 
unfil next clock pulse arrives. Values: RI 
22K; R2 6.8K; R3 10K; R4, R5 1K; C1, C3 180 
pF; C2 1 nF.—D. J, G. Janssen, Circuit Logic 
with Silicon Controlled Switches, Electronic 
Applications, Philips, Pub. Dept., Elcoma Div., 
Eindhoven, The Netherlands, Vol. 27, No. 1, 
1966-1967, p I-11. 


MANUAL 


LOW-POWER RING—Requires only 6 mW at 
1.5 V, with shift pulses of 1 to 6 V. Trailing 
edge of reset pulse turns on first stage. 
Maximum shift pulse width increases with 
voltage, approaching 70 us for 6-V supply.— 
Planar Silicon Controlled Switch 3N81/3N82, 
General Electric, Syracuse, N.Y., No, 65.16, 
1964, 


gtl7OV 


o-6Vt 20% 


PLANAR PNPN SWITCHES DRIVE NIXIE—Uses 
one 3N83 switch for each Nixie electrode. 
Chief advantage is freedom from triggering 
by line transients.—Planar Neon Driver Silicon 
Controlled Switch 3N83, General Electric, Syra- 
cuse, N.Y., No. 65.17, 1964. 


GATE WITH TWO DELAYS—-Used with ses 


ring counter to carry out switching, logic, 
and delay functions as controlled by clock 
pulses. Diodes DI, D2, and D3 provide AND 
function, wherein negative-going input pulses 
at terminal 2 initiate square-wave output only 
if all d-c inputs to diodes have zero potential 
and no input is at +12 V or higher. Values: 
R1 22K; R2 6.8K; R3, R4, 10K; R5, R6 1K; CI, 
C3 180 pF; C2 1 nF.—D. J. G. Janssen, Circuit 
Logic with Silicon Controlled Switches, Flec- 
tronic Applications, Philips, Pub. Dept., Elcoma 
Div., Eindhoven, The Netherlands, Vol. 27, No. 
1, 1966-1967, p 1-11. 
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10K 
ark 
AN 1 
002 002 
et 20-KHZ SCS RING—Shift pulse turns off con- 
BUTTON ducting ses by reverse-biasing cathode gate. 
GN Lo eal Charge stored on coupling capacitor then 
triggers next stege. Long shift pulse is used 
FIRST ‘i ; 
STAGE took to turn off all stages by charging all capaci- 
IN4009 IN4009 tors. Grounding anode gate of stage will 
set it—Planar Silicon Controlled Switch 3N81/ 
TRIGGER LINE 3N82, General Electric, Syracuse, N.Y., No. 
cana i 65.16, 1964. 
SHIFT PULSE 5-I0,5 
RESET PULSE> 100uS 
-6v 
LAMPS #44 
250 ma 
@ 6.3V 


RESET PULSE GENERATOR—Closing of switch 
produces single pulse for simultaneously re- 
setting scs ring counter to zero after numeri- 
cal indicator tube has been darkened.—D, J. 
G, Janssen, Circuit Logic with Silicon Con-~ 
trolled Switches, Electronic Applications, 
Philips, Pub. Dept., Elcoma Div., Eindhoven, 
The Netherlands, Vol. 27, No. t, 1966-1967, 
p 1-11. 


4% 


Oa 
40 JL SEC 
100 CPS naa 
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HIGH-CURRENT RING COUNTER—Operates at 
up to 2 kHz and will count either with or 
without lamps. Combines both memory and 


5V, 2044S 


2na4i5 rf 


SCS's — 3N84's 


+20V 
—{ f— 
jOK 
4.7K 
[000 pf 
4.7K 
I 9 


LAMP ~# 2182 ~14V, 8O MA 


driving functions, with decimal readout by 
lamps—R. M. Muth, Digital Circuits with 
Visual Readouts, General Electric, Syracuse, 
N.Y., No. 671.3, 1966, p 12. 


1000 pt 


1OK 


RING COUNTER FOR SMALL LAMPS—High 
sensitivity of silicon controlled switch permits 
use of smaller capacitors. Arrangement 
saves one diode per stage because anode 
gate lead prevents triggering by rate effect, 
—R. M. Muth, Digital Circuits with Visual 
Readouts, General Electric, Syracuse, N.Y., Ne, 
671.3, 1966, p 13. 
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BIPOLAR PULSE COUNTER—Either polarity of 
input pulse makes Q3 deliver positive output 
pulse for driving counter.—R. L. Billon, Find 
the Absolute Value of Bipolar Pulses, Efec- 
tronic Design, Feb, 15, 1970, p 84. 


OUTPUT 
a2 +10V PEAK 


+104V 


Qt 
2N2905 ALL LAMPS 12-27-WR500 


-10V x 


DIODES: 
1N1763 


47K 


SINE WAVE INPUT Q 
I-20 Mc 


COUNTING PULSES AT 1 TO 20 MHZ—Flip-flop ; 


uses additional fast diodes to provide switch- 
ing times under 10 ns. FD100‘s are for pulse 
steering, FD6‘s prevent collector saturation, 
and long-storage FD300’s complete triggering 
action.—20 MC Counter Flip Flop, Electronic 
Design, March 2, 1964, p 58. 


DECIMAL RING COUNTER—Can count up to 
999 without need for buffer amplifier, at rates 
up to 500 Hz. Each stage has neon glow 
lamp, which can be used for visual readout 
(circuit shows only first three stages of 
decade). Pressing reset button fires VO to 
indicate count of zero, First input pulse 


turns off VO and turns on V1, with count ad- 
vancing one stage for each succeeding pulse. 
Resistor and supply values are not critical. 
Known as Manley-Buckley ring counter—W. 
G. Miller, “Using and Understanding Minia~ 
ture Neon Lamps,” H. W. Sams & Co., Indi- 
anapolis, Ind., 1969, p 55. 


SUL 
SBS REVERSIBLE RING COUNTER—Type D13Q1 
silicon bilateral switches permit changing 


direction of stepping of stages simply by 
switching states of transistors Ql and Q2. 


Let Ft| 


Pn lren + 


FORWARD QI OFF, Q2 ON 
REVERSE Qi ON, Q2 OFF 


Operation can be about 106 kHz. During 
switch from forward to reverse count, stored 
charge in bottom p-n region of sbs serves to 
remember which stage was on.—W. R. Spof~ 


at 


Y 


me 


SUSY, 


"4 


NOTE: ALL CAPACITORS =.001 


ALL SiG DIODES= IN40039 


ford, Jr., Applications of the New Silicon 
Bilateral Switch and the Silicon Unilateral 
Switch, General Electric, Syracuse, N.¥., No. 
671.3, 1966, p 8. 
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39K 


IN4148 


3NB8I 


— 28 


AUTOMATIC RESET—In this variation of lamp- then turns on only if all other stages are off. N.Y., No. 90.24, 1965. 
driving scs ring counter, breakdown diode is © —R,. M. Muth, A Ring Counter for Driving In- 
used to couple last stage to first. First stage | candescent Bulbs, General Electric, Syracuse, 


ALL LAMPS 72-27-WR500 OR HPN-27-1 
ALL DIODES 100V PIV @ 50mA OR BETTER 


TO cy 


IN TRIGGER 
CIRCUIT 


Cc 
. 003 uF 
NEON RING COUNTER DECADE—Has ten iden- = supply voltage is not critical. Input pulses TO TRIGGER OF ‘ase 003 11 


tical stages, with carry function that resets can be obtained from any type of trigger cir- NEXT DECADE 
decade to zero and actuates trigger stage of  cuit.—W. G, Miller, “Using and Understanding 

next decade. Power supply can be two Miniature Neon Lamps,” H. W. Sams & Co., 

Z82R10 miniature neon regulators in series; Indianapolis, Ind., 1969, p 58. 
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SCS NO.n 
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Lo 
‘ 
CLEAR 
AND SET 
SUS-2N4986 = 
LAMP-DRIVING RING COUNTER—Uses 2N4986 
(or 2N4990) silicon unilateral switches to 
drive incandescent lamps of ring counter.— 
Silicon Unilateral Switch 2N4983/2N4986, 
General Electric, Syracuse, N.Y., No. 65.25, 
1967, 
| | f 
s aD, 
C =.0lyf 
R=270K 
A,B,C,0~MC846P 
STAGE | STAGE 2 
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a 
NUMERICAL DISPLAY WITH MEMORY—Used 
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Output 


Input 
pulse 
(tov) 


100-KHZ HIGH-CURRENT ECCLES-JORDAN— 
Transistors are BFY5Q0 and diodes AAZI2. 
Input trigger pulses are negative.—Applica- 
tions of the BFY50, BFY51 and BFY52, Philips, 
Pub, Dept., Elcoma Div., Eindhoven, The 
Netherlands, No. 428, 1965. 


RIPPLE COUNTER—Two 0.01-uF capacitors and 
two 270K resistors added to MC846P NAND 
gate make low-cost ripple counter for appli- 
cations where high speed is not important.— 
S. Kass, NAND Gate Counter is Cheaper to 
Make, Electronics, Jan, 20, 1969, p 87. 


Pec eke ae eas er cach digit acts as switch and memory, with Logic with Silicon Controlled Switches, Elec: 

ai sed for displaying digit remaining lit after input si i ‘ 4 ere bold : . 

ae digits paseo information from selected it has ceased. Rite eee Keo eh Shenae Ga oe: 

computer or calculator. Secs associated with operation in detail.—D. J. G. Janssen Circuit Na - eu ote Vol. 27, 
’ oT, ~ ,p itl, 
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ANODE-COUPLED SCR RING COUNTER—Modi- 
fication of basic cathode-coupled ser ring 
counter, as required for driving Nixie decade 
readout tube.—“SCR Manual,” 4th Edition, 
General Electric, 1967, p 162. 


Ge 
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SHIFT LINE 


ov: 


clock 
pulse 


dc, input —> 0 


DRIVING NUMERICAL PRINTOUT—First and 
last stages for energizing coils of printout 
device are shown. Operation is similar to 
that of monostable mvbr, with normally-on 
scr $1 controlling period, Circuit produces 


35-ms output pulses up to 300 mA. Article 
tells how to modify circuit for driving faster 
printout devices. Values are: RI 5.6K; R2 
3.9K; R3 100K; R4, R10-R21, R30-R41, R50- 
R61 1K; R5 390; R70-R79 10K; C1-C2 10 yF; 
C10-C19, C30-C3J, 180 pF; C20-C29 I nF.— 


add 


C3} 


notadd 


D. J. G. Jonssen, Cireuit Logic 
Controlled Switches, Electronic 
Philips, Pub. Dept., 
The Netherlands, Vol. 27, No. 1 
p 1-11, 


NOTE: To locate additional circuits in the category of this chapter, use the index at the back 
of this book, Check also the author's “Sourcebook of Electronic Circuits,” published by 


McGraw-Hill in 1968. 
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Current Control Circuits 
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ADJUSTABLE CONSTANT-CURRENT SUPPLY— 
R1 gives range of 50 uA to 1 mA for output 
current of scr regulated supply. At 500 “A 
current is held constant within 0.1% when 
d«c supply voltage (at right) varies from 
200-400 V. load current is sensed by RI 


and differential amplifier Q1-Q2. Zener CRI 
provides reference input. Output error signal 
is applied to scr gate after amplification by 
Q3-Q4.—D. R. Grafham, Using Low Current 
SCR’s, General Electric, Syracuse, N.Y., No. 
200.19, 1967, p 40. 


MOTOROLA 
MC1530 


+24v 


0.0iut 


*® TRANSISTORS OPERATED AT 
EMITTER - BASE - BREAKDOWN 


185-MA CURRENT STANDARD WITH [C—Can 
be built for about $40, has excellent regu- 
lation, and can serve as laboratory standard 
for calibrating magnetometers. Can gener- 
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o-c 
DIFFERENTIAL 
AMPLIFIER 
(INTEGRATED} 


ate several amperes of constant current if 
appropriate output transistors are added. 
Feedback loop goes from pin 2 of IC to R3. 
Passive components outside feedback loop 


must have low temperature coefficients.—C. 
S. Pepper, IC Amplifier Serves as Stable Cur~ 
rent Source, Electronics, March 6, 1967, p 
131-132, 


CURRENT CONTROL CIRCUITS 


+15y ay 2Ng343 | 


1.5M 


2N2605 


~415y 


FET CONSTANT-CURRENT SOURCE—Q3 and 
R5 are added to conventional voltage regu- 
lator to improve regulation by making current 
through zener CRI less dependent on input 
voltage and load current. Circuit also pro« 


INPUT QUTPUT 


COMPENSATION NETWORK FOR SUMMING— 
Pnp transistor and 1.5-meg resistor compen~ 
sate for bias current drift, independently of 
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COMMON 


automatic 


vides current limiting. Choose 
value of R5 to bias fet at 4.5 mA drain cur- 
rent.—J, McPhail, FET Improves Voltage Regu- 
lation and Allows Current Limiting, EEE, July 
1968, p 97-98, 


CK UN 


source impedance, for summing amplifier. 
Circuit is effective only over narrow range of 
positive supply voltages. Amount of tem- 
perature drift depends on how closely betas 
of IC and external transistors track.—R. J. 
Widlar, Linear IC’s: Compensating For Drift, 
Electronics, Feb. 5, 1968, p 90-93. 


tay oO 


OPTOELECTRONIC CURRENT REGULATOR— 
Lamp of Raysistor senses current changes, and 
photocell in feedback circuit initiates com- 
pensation for change. RI is set for desired 


CONSTANT=CURRENT 
URCE 


$0 


Ry O-1K) 


Regulation is within 10% for 


load current. 
load range of 0 to 1,000 ohms.—Raysistor 


Optoelectronic Devices, Raytheon, Quincy, 


Mass., 1967, p 23. 


TTI 


et 


ay 


2N2605 330 


+ 
3 


| 


270 mA (pax) 


220 2 
l4-24V 
OUTPUT 
KS3BA 
—i5v 
DRIFT-FREE DIFFERENTIAL INPUT—Three tran- 
sistors and selected resistors RI and R2 pro- 
vide bias current compensation for differen- t 


tial-input IC amplifier, independently of 
source impedance for both inputs over entire 
common mode range.—R. J. Widlar, Linear 
IC’s: Compensating For Drift, Electronics, Feb. 
5, 1968, p 90-93. 


STABILIZED DIRECT CURRENT SUPPLY—Uses 
Ferranti ZLD2 as error signal amplifier, with 
d-c error signal being proportional to sta- 
bilized output current of d-c supply. Output 


current changes only about 0,03% per volt of 
change in d-c input voltage.—Microlin Ampli- 
fiers ZLD2S and ZLD2T, Ferranti Ltd., Oldham, 
Lancs., England, No. 11, 1967, p 15. 
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+12v 


CONSTANT-CURRENT SOURCE—Addition of Q2 
to conventional current source and careful 
adjustment of circuit values minimizes tem- 
perature drift and overcomes dissipation 
problem in Q1 when handling emitter currents 
above a few mA. With values shown, load 
current changes less than 0.5% over ambient 
temperature range of 0 to 70 C. Applica- 


tions include differential amplifiers, timing 
generators, and fet stabilizers—W. G. 
Jung, Temperature-Stabilized Constant-Cur- 


rent Source, EEE, Oct. 1968, p 126-127. 


TEMPERATURE COMPENSATION WITH DIODE 
—Two-pellet diode in constant-current source 
compensates for variations in transistor base- 
emitter voltage due to temperature changes. 
—Silicon Multi-Pellet Diodes MPD200/MPD- 
300/MPD400, General Electric, Syracuse, N.Y., 
No, 75,42, 1966, 


11-V CONSTANT-CURRENT SUPPLY—Any 
change in current through R3 modifies bias 
of power transistor, changing its differential 
impedance in such a way as to bring current 
through R3 and lead back to original value. 
Uses power zener.—Zener Diodes and Their 
Applications, Philips, Publications Dept., El- 
coma Division, Eindhoven, The Netherlands, 
Technical Information 17, 1966. 


SSL REGULATOR—Two-transistor sink arrange- 
ment provides 4% current regulation for 
variations in supply voltage and 0.3% per 
deg C for thermal variations, for current- 
sensitive devices such as solid-state lamps. 
Suggested valve for R2 is 1/10. Supply 
voltage can be as low as 3 V, with maxi- 
mum value limited by transistor ratings.— 
L. M. Hertz, Solid State Lamps—Part $I, Gen- 
eral Electric, Cleveland, Ohio, No. 3-0121, 
1970, p 27. 


Q},Q2 TYPICALLY 
2N5354,5 


T,R)= 0.6Voit 


! 

) 

! Q) 
1 2N2925 
! 

1 
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WIDE-RANGE CURRENT CONTROL~Uses var- 
iable reference voltage, obtained from mer- 
cury battery, with complementary-transistor 
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Q),Q2 TYPICALLY 
2N 3392, 3 


ILR = O.6volt 


\\ 


SSL REGULATOR—Two-transistor source ar 
rangement provides 4% current regulation 
for solid-state lamp. Resistor values depend 
on current rating of lamp. Supply voltage 
can be as low as 3 V.—-L. M, Hertz, Solid 
State Lamps—Part I, General Electric, Cleve- 
land, Ohio, No. 3-012], 1970, p 27. 


power amplifier, to change current through 
load.—D. L. Boos, Complementary Transistors 
Expand Current Supply Range, Electronic De- 
sign, June 8, 1964, p 72-73. 


INPUT 


TERMINALS 


+28V0 


25K 


CURRENT CONTROL CIRCUITS 


No, 344 


BIPOLAR CURRENT-LEVEL DETECTOR~Direct- 
coupled two-stage amplifiers drive two lamps 
to indicate when current between input-output 
terminals exceeds about 10 “A, with appro- 
priate lamp lighting to indicate direction of 
current flow.—R. Gerdes, Sensitive Current 
Detector Indicates Direction of Flow, “400 
Ideas for Design Selected from Electronic De- 


INPUT- 0 oO INPUT— ; 
OUTPUT IN662 Ine62 OUTPUT sign,” Hayden Book Co., N.Y., 1964, p 150. 
10 to 20V 
CURRENT REGULATOR—Circuit is basically 


grounded-base, with collector and emitter cur- 
rents essentially equal because of high current 
gain of transistor. R3 must draw enough 
current through reference diode so its voltage 
drop will remain at 8 V as current regulator 
is loaded. Load current remains essentially 


constant until load resistance is increased to 
point where voltage drops across load and R3 
become equal.—Current Regulator, Delco Radio, 
Kokomo, Ind., No. 4-B, May 1965. 


GE 
IN 3604 


CONSTANT 40 MA WITH 0.1% REGULATION 
—Operates over wide range of supply volt- 
ages, temperatures, and loads yet cost of 
parts is only $5, Basic reference voltage, 
provided by zener D1 driven by constant cur- 
rent, is buffered by emitter-follower QI] driven 
by constant-current source Q2.—R. C. Gerdes, 
Constant-Current Source is Stable and Inex~ 
pensive, Electronic Design, March 15, 1969, 
p 254. 


50 VOC. 
UNREGULATED 
INPUT INIT7O R3 
Ka 


AMBIENT TEMPERATURE 
RANGE -55°C TO 71°C 


NANOAMPERE SENSING—May be used as 
sensitive current detector, or as voltage de« 
tector having high input impedance, Sampling 
technique gives input current sensitivity below 
35 nA and input impedance above 100 meg. 
RI is adjusted so circuit will not fire in ab- 
sence of current input signal, Input signal 
then charges C2 through R2 toward emitter 
firing voltage of QI. Relaxation oscillator 
Q2 supplies series of 0.75-V negative pulses 
to base 2 of QI to drop its firing voltage 
momentarily and permit firing even though 
R2 cannot furnish required peak point firing 
current of 2 wA.—"SCR Manual,” 4th Edition, 
General Electric, 1967, p 166-167, 
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RAYSISTOR CONTROL OF 30 MA AT 20 V— 
Combination photoresistor and lamp (CK~ 
114) provides electrically isolated compensa- 
tion for input voltage changes from 22 to 
35 V_ in constant-current generator. D3 


CKIN4 


simply protects lamp and helps offset posi- 
tive temperature coefficient; type is not criti- 
cal.—K. Myers, Raysistor Compensates Current 
Generator, Electronic Design, April 13, 1964, 
p 75~77, 


OPTOELECTRONIC REGULATOR—Additional 
transistor Q2 increases loop gain of optoelec- 
tronic constant-current regulator to provide 
improved regulation.—Raysistor Optoelec- 
tronic Devices, Raytheon, Quincy, Mass., 1967, 
p 24. 
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CONSTANT~CURRENT 
SOURCE 


+15v 


—{5v 


OUTPUT 


—{5v 


CONSTANT-CURRENT SOURCE—Three pnp 
transistors and selected 13K transistor serve 
as bias-current compensation network for 
noninverting 1C amplifier requiring large com- 
mon mode ranges. Circuit provides tight 
drift control but over limited temperature 
range. Feedback resistance of IC must be 
kept low.—R. J. Widlar, Linear 1C’s: Compen- 
sating For Drift, Electronics, Feb. 5, 1968, p 
90-93. 


NOTE: To locate additional circuits in the category of this chapter, use the index at the back 
of this book. Check also the author's “Sourcebook of Electronic Circuits,“ published by 


McGraw-Hill in 1968. 


CHAPTER 22 


D-C Amplifier Circuits 


VOLTAGE GAIN 150,000-—Input resistance is 
240K and output resistance 10 ohms. Pro- 
vides single-ended output of 10 V with either 
polarity at up to 20 mA. Output voltage is 
0 V for zero input. Uses two differential 
amplifiers at input to keep differential volt- 
age drift at required value of less than 12 
uV per deg C.—"Circuits Using Low-Drift 
Transistor Pairs,” Philips, Pub. Dept., Elcoma 
Div., Eindhoven, The Netherlands, 1968, p 11. 


FET STABILIZATION—Addition of fet QI to 
d-c amplifier improves stability for wide 
tange of temperatures and supply voltages, 


+48¥ 


iM 


and gives high open-loop input impedance 


for operational amplifier applications. 
Article gives gain equations.—N. C. Voulgaris, 


Output 


Vo 


RLMM10k 


FET Boosts Impedance of D-C Feedback Am- 
plifier, Electronics, Oct. 16, 1967, p 98. 
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DIFFERENTIAL-INPUT IC WITH 90-DB CMR— 
Uses Ferranti ZLD2 IC low-power d-c ampli- 
common mode rejection, 
common mode range within 2 V of either 
and large output voltage 
swing.—Microlin Amplifiers ZLD2S and ZLD2T, 
Ferranti Ltd., Oldham, Lancs., England, No. 11, 


fier 


supply voltage, 


having high 


1967, p 4. 
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Inverting 
input 


Non- 
inverting TR Ib 
input 


tial stages and single-ended output, with TR2 
serving as constant-current source for hold- 


Ro R3 Ry R R : R 
22kn 39ka 37 3348: 2eKA 820 
5, 

fa 

Taverting 

input 

eels 

Non- 
VOLTAGE GAIN 100,000—Uses three differen- rai 


ing input stage emitter 


to drive TR6. 


mA, 


currents constant, 
Output stage uses long-tailed pair TR4-TRS 
Frequency response falls about 
6 dB per octave from 100 dB voltage gain at 
100 Hz down to 0 at 10 MHz. 
age is 10 V of either polarity at up to 2.5 
Differential voltage drift is 3 pV per 
deg C.~-“Circuits Using Low-Drift Transistor 
Pairs,” Philips, Pub, Dept., Elcoma Div., Eind- 
hoven, The Netherlands, 1968, p 22. 


Output volt- 


MANUAL 


VOLTAGE GAIN 70,000—Four-stage d-c am- 
plifier has differential input stage and single- 
ended output. Combined emitter currents of 
first stage are stabilized by constant-current 
source TR2. Nominal output voltage is 10 V 
at either polarity for up to 10 mA. Com~ 
mon-mode rejection ratio is 600. Differen- 
tial voltage drift is 6 wV per deg C. Free 
quency response drops almost linearly from 
96 dB at 10 Hz to 0 dB at 700 kHZ.—”Cir- 
cuits Using Low-Drift Transistor Pairs,” Philips, 
Pub, Dept., Elcoma Div., Eindhoven, The 
Netherlands, 1968, p 20. 
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VOLTAGE GAIN 1,500,000—Single-ended out~ 
put delivers 10 V of either polarity up to 10 
mA, Frequency response drops essentially 
linearly from 115 dB at 10 Hz to 0 dB at 1 
MHz. Intended for use as operational am-~ 
plifier, being stable with over-all voltage 
gains down to unity,—“Directly Coupled Am- 
plifiers,” Philips, Pub, Dept., Elcoma Div,, 
Eindhoven, The Netherlands, p 40. 


Anverting 
input“ 


Non oo —|-. 
Tayarting 


input, 


DUAL OUTPUT—Modified version of differen- 
tial amplifier provides dual output along with 
higher gain and higher efficiency than con- 
ventional differential output stage. Dashed 
line indicates second output phase that is 
available, but dec voltage excursion available 
is less desirable. Lowered current require- 
ment makes this circuit highly desirable in 
analog systems using many amplifiers.—S. G. 
Freshour, Differential Amplifier Offers Efficient, 
Dual Outputs, Electronic Design, July 19, 
1965, p 37-38, 
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Re Ri 
6 8Ka 68kn 
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Re One Seine TR. 
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Re 
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Pub, Dept., Elcoma Div., 
Netherlands, p 34, 


VOLTAGE GAIN 40,000—Differential 
stage uses low-drift transistor pair, with con- 
stant-current source TR2 fixing combined emit- 
ter currents. Output is single-ended, deliver- 
ing 10 V of either polarity at up to 20 mA. 
Frequency response drops akout 6 dB per 
octave from 93 dB st 10 Hz to O dB at 2 
MHz.—"Directly Coupled Amplifiers,” Philips, 
Eindhoven, 


Output 


input 


The 
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VOLTAGE GAIN 6,500—All three stages are 
push-pull. Differenticl-input first stage uses 
transistor pair, and second stage is long- 
tailed pair. Output is zero when there is no 
input signal, permitting use of over-all nega- 
tive feedback without altering d-c conditions. 
Frequency response is intentionally shaped to 
fall about 6 dB per octave between 1 kHz 
and 10 MHz, from voltage gain of 76 dB be- 
low 1 kHz. Output voltage is 10 V_ of 
either polarity ct 10 mA.—Circuits Using 
Low-Drift Transistor Pairs,” Philips, Pub. 
Dept., Elcoma Div., Eindhoven, The Nether- 
lands, 1968, p 18, 


INPUT 


THIN-FILM HYBRID—Has open-loop gain of 
500 and zero drift below 10 «.V. With out- 
put capacitor, can be used as a-c amplifier 
for any gain between 1 and 500. Differen- 
tial-pair input stage has 1-meg input resist- 
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o 
$12V 


ance. 


‘Shosting bars on R1 are cut as required 
to correct for d-c unbalance, and on R6 to set 


open-loop gain. Dashed lines enclose 1€ 
which uses techniques described in article for 


OUTPUT 


“I5V 
re 


reducing surface-area requirements of compo- 
nents.—A. Tuszynski, Skirting Thin-Film Design 
Problems, Electronic Design, Aug. 30, 1965, p 
38—43. 


D-C AMPLIFIER CIRCUITS 


RA, 2 10n 


T-KW D-C AMPLIFIER FOR 10-OHM LOAD— 
Uses pulse-width modulation technique, with 
inductive filter in series with load to attenu- 
ate carrier. Output of 300-Hz mvbr is inte- 
grated to give linear sawtooth for adding to 
amplified d-c signal level to give constant- 


ZS70 


0-08 
pF 
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ar aaa 


z7RW 
2N3585 


sawtooth waveform whose level 


voltage 
above zero is proportional to d-c input volt- 


age. This is applied to Schmitt trigger that 
delivers rectangular pulses having mark-space 
ratio proportional to d-c level, for use in 
switching power transistor in series with filter 


Z2TI701 


| 
ALL RESISTORS 10/, 2 
UNLESS OTHERWISE STATED. 
ALL CAPACITORS 20% 


EXCEPT ELECTAOLITICS 


and load. Output stage contains two 10-A 
130-V ZT2016 transistors in parallel, driven 
by 2N3585. Input of 4 V gives full output, 
corresponding to power gain of 54 dB— 
1-kW D.C. Amplifier, Ferranti, Oldham, Lancs., 
England, No. 32, 1966. 
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STABILIZED AT 2,000 GAIN—Common-mode 
noise and thermal drift are canceled in dec 
differential amplifier by feeding input signal 
forward instead of using feedback. Tech- 
nique gives gain of 2,000 with excellent 
stability, for delivering up to 2.5 A to servo~ 
motor in [BM 2310 disk storage drive. Cir- 
cuit also provides locked-in temperature 
compensation, to prevent spurious triggering 
pulses from destroying bridge by turning on 
both sides at once.—F, J. Sordello, Forward 
Feed Stabilizes D-C Differential Amplifier, 
Electronics, Nov. 28, 1966, p 84. 
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LOW-LEVEL 
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COUPLING BY MEMORY SWITCH—For d-c am- 
plifiers, neon provides offset voltage to permit 
input and output voltages to operate about 
ground potential, Bottom of gain pot could 
be returned to output terminal for increased 
long-term stability—E. Bauman, “Applica- 
tions of Neon..Lamps and Gas Discharge 
Tubes,“ Signalite, Neptune, N.J., p 75. 
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DIFFERENTIAL-TRANSISTOR AMPLIFIER—Use 
of silicon planar transistors encapsulated to- 
gether and connected as differential pair 
gives highly stable opamp with open-loop 


O 

+12V 
gain of 60,000 and gain-bandwidth product 
of 10 MHz. Stability is better than 3 “V 


and 1 nA per deg C. Report gives circuit 
design procedure.—K. Hart, The Differential 


o 

~12V 
Transistor Pair BCY55 Employed in a D. ©. 
Amplifier Having High Stability and Low 
Drift, Philips, Pub. Dept., Eleoma Div., Eind- 
hoven, The Netherlands, No. 322, 1966. 


D-C AMPLIFIER CIRCUITS 


PULSE OUTPUT FROM STRAIN GAGE—Four 
transistors transform output signals of strain 
gage into modulated pulses. QI and Q2 
form differential amplifier for amount of un- 
balance in strain-gage quad, and control 
mark-space output ratio of saturated-mode 


ew 


BOOSTING OUTPUT AND SPEED~Two-tran- 
sistor circuit added to CA3005 IC differential 
amplifier permits operation from 450-V sup- 


mvbr Q3-Q4, Resulting output may be meas- 
ured by average-reading voltmeter connected 
between collectors of Q3 and Q4,—Strain 
Gage Output Amplifier Produces Modulated 
Pulse Signal, Electronic Design, May 24, 1965, 
p 52. 


ply, as required for improving performance. 
—W. E. Peterson, Higher Speed, Gain, Output 
from IC Diff Amp, FEE, Jan. 1970, p 128. 
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INVERTING WITH GAIN OF —30—Diode D 
brings input voltage close to zero to mini- 
mize dependence of output voltage on supply 
voltage. Article gives detailed design pro- 
cedure,—T. Mollinga, Designing D-C Ampli- 
fiers, EEE, Feb. 1969, p 46—51. 


CANCELLING AMPLIFIER OFFSET VOLTAGE— 
Use of potentiometer as one of source resist- 
ances permits adjusting resistance value until 
differential voltage produced cancels out off. 
set voltage of IC inverting d-c amplifier. 
Drawback of method is tendency to increase 
offset temperature drift.—Microlin Amplifiers 
ZLD2$ and ZLD2T, Ferranti Ltd., Oldham, 
Lancs., England, No. 11, 1967, p 11, 


R3 
7500. 


BZYBS-CSVI 


35 DB GAIN—Developed for vse with 24-V 
d-c supply. Book gives design procedure 
for determining value of each component.— 
“Voltage Regulator (Zener) Diodes,” Philips, 
Pub. Dept., Elcoma Div., Eindhoven, The 
Netherlands, p 53. 
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VOLTAGE GAIN 150,000—Low-drift transistor 
pair is used in differential input having re- 
sistance above 200K. Output voltage is 10 
V with either polarity at vp to 20 mA and 
output resistance is 20 ohms.—“Directly 
Coupled Amplifiers,” Philips, Pub. Dept., El- 
coma Div., Eindhoven, The Netherlands, p 31. 


INPUT 


800-KHZ BANDWIDTH—Maximum output volt- 
age is 11 V with either polarity, at up te 10 
mA. Nominal voltage gain is 100. Circuit 
must be shielded from drafts to prevent tem- 
perature differential between TRI and TR2 
that could cause large drift in output voltage. 
“E-Line Transistor Applications,” Ferranti Ltd., 
Oldham, Lancs., England, 1969, p 45. 
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1:1 LEVEL CHANGER—With input of 0-9 V, 
output is 9~O V with highly linear relation- 
ship. Temperature stability is good.—R. S$. 
Hughes, Stable DC Amplifier Makes Good 
Level Changer, “400 Ideas for Design Se~ 
lected from Electronic Design,” Hayden Book 
Co., N.Y., 1964, p 19. 
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E2 (~12V) 


E|(412V) 


TWO-WAY INVERTING—Circuit is symmetrical, 
with output stage repeated at input side. 
Voltage gain is slightly less than unity. 


Re™iOK 


NONINVERTING D-C AMPLIFIER—Applying in- 
put between ground and terminal 1 of Fer- 
ranti ZLD2 IC differential-input d-c amplifier 
gives noninverting amplification of d-c input 
signal. Voltage gain is 10.—Microlin Ampli- 
fiers ZLD2$ and ZLD2T, Ferranti Ltd., Oldham, 
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Article gives design equations—T. Mollinga, Lancs., England, No. 11, 1967, p 11. 


Designing D-C Amplifiers, FEE, Feb. 1969, p 
46-51. 


LOW-LEVEL FET—Gives output of 0.4 to 9 V 
on input of 0 to —1.5 V for scopes, vivm, 
or as relay amplifier. To get output down to 
zero, add dashed circuit and use its terminal 
as ground for output. Adjust 100-ohm rheo- 
stat for zero output with input grounded.— 
“Tips on Using FET’s,” Motorola, Phoenix, 
Ariz., HMA-33, 1969. 


NONINVERTING WITH GAIN OF 30—Diode D 
brings input voltage close to zero, to mini- 
mize dependence of output voltage on +28 
V supply voltage. Article gives detailed de- 
sign procedure.—T. Moliinga, Designing D-C 
Amplifiers, FEE, Feb, 1969, p 46-51. 
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TO 1 MHZ WITH GAIN OF 100~—Adding col- 
lector resistor (10 ohms) for 2N1893_ ine 
creases bandwidth, to give essentially flat re~ 
sponse from d-¢ up to 1 MHz.—T, Moliinga, 
Designing D-C Amplifiers, EEE, Feb, 1968, p 
46-51, 


NOTE: To locate additional circuits in the category of this chapter, use the index at the back 
of this book. Check also the author’s “Sourcebook of Electronic Circuits,” published by 


McGraw-Hill in 1968. 


CHAPTER 23 
Delay Circuits 


D-C CONTROL OUTPUT : 5 


CURRENT 0~6ma 


ADJUSTABLE LEADING-EDGE DELAY—Chang- to a few microseconds.—T, Hornak, Control 
ing direct current through tunnel diade pro- Current Slows Pulse’s Leading Edge, Flece 
vides proportional change in delay between eading edges of output and input signals. tronics, Aug. 18, 1969, p 96. 

Values shown give delay range from zero up 


PULSE COMPRESSOR OR EXPANDER—Length current is made proportional to second input 
of output pulse is proportional to length of provide wide adjustment range (0.1 to 10) signal.—T. Weisz, Compress or Expand Pulses 


input pulse, with output pulse being delayed for ratio of input to output pulse width. Can With A Simple Circuit, Electronic Design, Dec. 
for duration of input pulse. R4 and RS be used for pulse width modulation if Q2 6, 1967, p 122 and 124, 
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195 
MONO FOR LAB USE—Remains in unstable 
state for length of time determined by reac- 
tive elements in circuit, Can be used for 
generating delay pulses and for standardiz- 
ing pulses of random ON times. CI helps de- 
termine duration of unstable state; reducing 
Cl reduces unstable time and therefore in- 
creases frequency.—A. C. Gillie, “Pulse and 
Logic Circuits,” McGraw-Hill, N.Y., 1968, p 
220. 
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200-BIT DIGITAL DATA DELAY~Includes +5V MOS Static Shift Registers and TTL/DTL Sys- 


complete interface and clock driver circuitry MHz. Report describes operation of each tems, Texas Instruments, Dallas, Texas, CA- 


for operation at rates from d-c to above 1 section of system in detail.—G. B, Hoffman, 114. 
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repetitive positive pulses. 
types of delay lines can be used to obtain 


Other lengths or 


64-MICROSECOND PULSE DELAY—Self-pow- 
ered circuit uses 7-inch glass rod driven by 
tf oscillator as ultrasonic delay for single or 


different delays. input pulses provide supply 
voltage for transistor oscillator, Oscillator is 
amplitude-modulated with input pulses, and 


MONO WITH POSITIVE-GOING EDGE DELAY 
—Uses Philips TAA293 general-purpose am- 
plifier. Circuit has effect of delaying posi- 
tive-going edge of rectangular input pulse. 
Delay time is about 100 us when C is 10 
nF, Times for other values of C are in di- 
rect proportion to C down to about 1 us.— 
The TAA293 as a Schmitt Trigger and Multi- 
vibrator, Philips, Pub. Dept. Elcoma Div., 
Eindhoven, The Netherlands, No. 25, 1968. 
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20-NS PULSE WITH DELAY—One-shot mvbr 
depends on fast removal of stored charge 
to give pulses as narrow as 20 ns with rise 


and fall times of only 10 ns. Pulse widths 
or delays up to 100 ns are determined by 
setting of RI. Stability is good for tempera- 
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pulsed r-f signal at output of delay line is 
demodulated to filter out r-f.—P, Zamperoni, 
Ultrasonic Delay Line Needs No Power Sup- 
ply, Electronic Design, Aug. 15, 1968, n 230 
and 232. 


6 BkS? 


OUTPUT 
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ture and voltage changes.—L. V. Hendricks, 
Fast Discharge Reduces Multivibrator’s Rise 
Time, Electronics, Nov. 25, 1968, p 82-83. 


400-HZ VARIABLE APPARENT DELAY—Circuit 


square wave and provides delay depending 


DELAY CIRCUITS 


cranes 
LC DELAY LINE 


DELAY-LINE PULSE STRETCHER—Uses high- 
speed meso-transistor flip-flop in which width 
of output pulse is accurately controlled by 
delay line, independently of input pulse 
width, Accuracy of output pulse width is 
the same as 1% accuracy in length of delay. 
With 1-MHz square-wave input, leading edge 
of pulse switches output of flip-flop and goes 
through delay line to reset flip-flop from 
other side, giving 0.8-us output pulse when 
using 0.8-us delay line. Remaining 0.2 us 
is sufficient for flip-flop recovery.—J. Shir- 
man, High-Speed Pulse-Stretcher Depends 
Upon Delay Line Time, “400 Ideas for Design 
Selected from Electronic Design,” Hayden 
Book Co., N.Y., 1964, p 46. 


INPUT 


BUFFER AMPLIFIER | 


Q; 
2N335 
OR 2N8 


on value of control voltage or setting of R1. 
positive excursion of 400-Hz input Delayed signal triggers 1.25-ms one-shot, to 


2 2kR 


DELAY MONO FROM IC AMPLIFIER—Uses 
Philips TAA293 general-purpose amplifier. 
Output terminal rests in low state, Rectangu~ 
lar input pulse makes mvbr switch, driving 
output terminal to high state at 6 V. Cir- 
cuit reverts to rest state after time delay, to 
give effect of delaying negative-going edge 
of input signal. Circuit cannot be retrig- 
gered until after recovery time nominally 
equal to delay time, both of which are about 
100 ys when C is 10 nf. Times for other 
values of C are in direct proportion to C 
down to about 1 ys.—The TAA293 as a 
Schmitt Trigger and Multivibrator, Philips, 
Pub. Dept., Elcoma Div,, Eindhoven, The 
Netherlands, No. 25, 1968. 
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but delayed from 0 up to 2.5 ms. AT is 
differential comparator, and one-shot A2 uses 
standard SUHL gates.—L, L. Pechi, Voltage or 
Pot-Variable 400-Hz Delay, EEE, Oct. 1969, p 
make output look like original square wave 112, 


6-MS SIGNAL DELAY—With positive input, 
circuit provides 6-ms delay over range of 
25 to 150 Hz. Output amplitude follows 
input amplitude linearly over dynamic range 
of about 30 dB.—D. J. Savage, Simple Ana~ 
log Delay, EEE, Oct. 1969, p 109. 
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DELAY EQUALIZER—Uses Fairchild 1C opamp 
as d-c amplifier to compensate for delay dis- 
tortion in facsimile, high-speed telegraphy, 
and data-transmission carrier systems. Acts 
os all-pass circuit having amplitude charac- 
teristic that is independent of frequency over 
useful frequency range.—J. Toffler, The Inte 
grated Operational Amplifier: A Versatile and 
Economical Circuit, “Microelectronic Design,” 


Hayden Book Co., N.Y., 1966, p 189-194, 


300 pSEC MAX 


(NPUT. MODULE 


UNDER 


TO FREQUENCY COUNTER 


+5v 


PULSE DELAY WITHOUT DISTORTION—Single 
transistor and tunnel diode generate delayed 
pulse or gate while maintaining or even im- 
proving sharp rise-time of input signal. 
With 0.002 uF for C, delay is 10 ws, Larger 
values of C give delays up to several sec- 
onds,—R, Lb. Shaum, Tunnel Diode Circuit 
Offers Non-Distorted Delayed Pulse, Electronic 
Design, May 10, 1965, p 46~47. 


TESTING IC SWITCHING SPEED--Circulating 
loop test for ASLT modules permits rapid 
measurement of switching speed for each 
critical path in module, Unique test circuit 
drives input module from its own output, 
delayed in time by electrical length of cable 
in ns, to produce switching action, Counter 
then indicates number of switching actions 
during time period for test, from which 
switching speed is determined quickly and 
accurately.—R, F. Sechler, A, R. Strube, and 
4. R. Turnbull, ASLT Circuit Design, [BM Jour- 
nal, Jan. 1967, p 74-85. 
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TRIGGERED DELAY FOR A/N DISPLAY—Used time after arrival of trigger pulse, generate 
in alphanumeric cathode-ray display systems predetermined number of clock pulses, then 
requiring that an oscillator start at preset shut down until next trigger urrives.—A. Liu, 


14 15_ #6 


635khz. 


Se 


Retriggerable One-Shots Form Delayed-Key 
Oscillator, Electronics, Sept. 29, 1969, p 96. 


CHAPTER 24 
Detector Circuits 


wire 


THREAD MOTION DETECTOR—Photocell and 
Philips DZD40 differential zero detector have 
sufficient sensitivity to detect shadow caused 
by moving wire or thread. Voltage peak 
produced across 56-nF capacitor by photocell 


O; 


balance 


Ww 


trips DZD40 and makes its output switch to 
full supply voltage of 12 V. After wire has 
passed, sudden fall in photocell resistance 
makes DZD40 switch back to 0 V_ output. 


+5v TO +20v 


ov DZD40 
i 


YZ Ay 
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Slow changes in light on photocell have no 
effect—Detection of Small Moving Objects 
Using the DZD40, Philips, Pub. Dept., Elcoma 
Div., Eindhoven, The Netherlands, No. 29. 


INPUT 


UJT-SCR SIGNAL DETECTOR—Voltage across 
load rises to indicate presence of input signal. 
When input signal terminates, ujt timing 
circuit is freed after time lapse determined 
by period of ujt circuit; if another input 


io 


Qe 
2N4853 


pulse arrives before Q2 is triggered, time 
lapse is restarted. Holding time can be any- 
where between a few -microseconds and sev- 
eral seconds, depending on values of Rt and 


OUTPUT 


DETECTOR 
LOAD 


Ct; 47K and 0.1 wF give 7ms, and 390K and 
2.2 uF give 1.4 s.—D, K. Smith, Signal Detec+ 
tor Operates From 5-Volt Supply, Electronics, 
Mar, 30, 1970, p 95. 
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RAIN-GAGE RECORDER TURN-ON—Activotor 
circuit turns on recorder only when it is rain- 
ing. Hold feature prevents turn-off at drizzle 
rates. Used with system of tipping-bucket 
rain gages, each of which produces coded 
tone burst with arrival of each hundredth 
inch of precipitation, Each filled bucket pro- 
duces 12-V 200-ms pulse at base of QI to 
turn it on and charge Cl, which takes 20 ms. 
Circuit then pulls in relay that turns on re- 
corder. With 100 meg switched in to gate of 
fet, Cl holds charge and keeps recorder on 
for 1.3 hours of drizzle.—J. Pike, Data-System 
Activator Has Hold Feature, Electronic De- 
sign, June 21, 1970, p 96 and 98. 


+12V —l2V 


SCS PHASE SEQUENCE DETECTOR—Provides 
warning of incorrect phasing and detects re- 
versal of three-phase motors. Scs is nor- 
mally off. When opposite phase sequence 
occurs, with phase B lagging phase A by 120 
deg, ses is triggered on for operating lamp, 
relay, or control actuator, With a-c anode 


PHASE AO 


supply, however, opposite condition occurs, 
with scs remaining on while phase 8 lags 
phase A, Will handle loads up to 250 mA. 
With AD107 scs, load can be 1.6 A.—Phase 
Sequence Detector for Three-Phase Systems, 
Solid State Products, Salem, Mass., No. 13. 


SIGMA 35 UP2 1000 VG ee aceaarad 
1OOON 6.5mA al ees 


2N4360 


\OOJLF, TANTALUM 


PULSE WIDTH SORTER—Simple bootstrap cir- 
cuit delivers output pulse only when triggered 
by input pulse whose width is greater than 
predetermined value. Leading edge of posi- 
tive-going output pulse coincides with trailing 
edge of input pulse. Useful as sync detector 
in pulse data systems.—C. Becklein and M. Ya- 
gud, Pulse-Width Sorter, EEE, Feb. 1967, p 
146-147. 
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DIFFERENTIAL-INPUT WEAK-SIGNAL DETECTOR 
—Variation of paired Schmitt-trigger detector 
can detect absolute value of difference be- 


tween two input signals riding on common- 
mode input signal of 0.5 V p-p at.14 MHz, 
far absolute difference values down to 15 
mV. Dual input reduces hysteresis of detec- 
tor one order of magnitude.—T. Weisz, Pairing 
Schmitt Triggers Produces Lower Hysteresis 
and Faster Switching, Electronics, Nov. 28, 
1966, p 75—79, 
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+50 SIMULTANEOUS PULSES—With ST in ON po- 
A —50_ Sition, neon lamp lights only when all three 
+50 50-V positive pulses, at A, B, and C, occur 
8 ~50 at same time.—E, Bauman, “Applications of 
+50 Neon Lamps and Gas Discharge Tubes,’ Sig- 
¢ ’ t —50 nalite, Neptune, NJ., p 151. 
LAMP NO 
LITES LITE 


DETECTING SIGNALS BURIED IN NOISE— 
Amelco FG37 200-V field-effect transistors con- 
nected back-to-back provide detection of 
millivolt in-phase signals buried in noise hav- 
ing peak amplitudes several orders of magni- 
tude greater. Reference voltage is 60-V p-p 
square-wave. May be operated at frequen- 
cies well up into higher audio range, with 
negligible switching time.—W, D. Hindson 
and T, Nishizaki, FET Makes High Level Phase- 
Sensitive Detector, “400 Ideas for Design Sex 
lected from Electronic Design,” Hayden Book 
Co., N.Y., 1964, p 29. 
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LOW-CURRENT DETECTOR—Will detect 1-nA 
currents with accuracy of 1%. When input 
signal exceeds preset threshold, sum of cur~ 
rents through backward diode D1 switches 
it to high-voltage state, generating pulse for 
amplification by fet output stage. Threshold 
jitter is negligible.—E. Elad, Backward Diode 
Plus FET Detects Low Currents, Electronics, 
Oct. 16, 1967, p 95-96, 


MEASURING 2-MS PULSES—Provides output 
pulse whenever input pulse is less than mini- 
mum value or greater than maximum value. 
Can also be used as pulse-width error de- 
tector by providing error pulses of width 
equal to amount that input pulse width de- 
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[MAXIMUM 
PULSE- WIDTH 
ONE-SHOT 
2.2mS 


N2219 


2 
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MINIMUM 
PULSE-WIDTH Rg 
ONE SHOT 1.8mS 36° 


ALL GATES ARE 


viates from allowable limits. Developed for 
measuring 2-ms pulse widths within test win- 
dow of 10%-—I. Spector, Pulse-Width Dis- 
criminator, EEE, Sept. 1969, p 133~-134. 
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SLOPE CHANGE DETECTOR—Output is square 
wave in which high and low levels indicate 
changes in slope of input signal, Operation 
is independent of input level, and independent 
of distortion provided irregularities in dis- 
torted signal do not reverse slope at too high 


10k 
ica | 
INETWORK | 0k 
i 


an amplitude. if distortion is severe, addi- 
tional filtering is required in input line to 
make use of fundamental frequency. Lag 
network ahead of IC opamp has time con- 
stant of 50 ms and is useful from 0.1 to 10 
Hz.—R. Antelman, Change-Of-Slope Detector, 
EEE, June 1970, p 94-95. 
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Q 


OUTPUT 
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BUFFERED DETECTOR—Input of 1 mV p-p will 
fire circuit comparable to Schmitt trigger but 
with buffer Q2 in feedback path. Hysteresis 
is low for wide range of reference voltages. 
—R. H. Zimmerman, Buffered Detector, FEE, 
April 1967, p 138. 
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LOW-LEVEL SIGNAL DETECTOR—Pairs of 
Schmitt triggers provide high switching and 
cycling speeds with extremely low hysteresis, 
for detector of low-level signals at high fre- 


220 0.47 0.001 


Can be used as sense amplifiers 


quencies. 
in high-speed computer memory systems. 
Article gives operating theory and limiting 
design equations. Circuit performed satis- 
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SCS PULSE COINCIDENCE DETECTOR—Volt- 
age is developed across load RL only when 
inputs A and B occur simultaneously with 
amplitudes of 2 to 3 V. Pulse overlap of 
less than I us is sufficient to give output. To 
detect coincidence of negative inputs, Use 
ses units in complementary scr configuration, 
with detection by gates GA instead of GC, 
—Planar Silicon Controlled Switch 3N81/3N- 
82, General Electric, Syracuse, N.Y., No, 65.16, 
1964. 
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OUTPUT 


47 


factorily at 13 MHz, with hysteresis of only 
2 mV.—T. Weisz, Pairing Schmitt Triggers 
Produces Lower Hysteresis and Faster Switch- 
ing, Electronics, Nov. 28, 1966, p 75—79. 
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SQUARE-WAVE PHASE DETECTOR—Nonsatu= 
rating flip-flop provides linear average volt- 
age output as function of phase difference 
between two 1-MHz square-wave signals. 
Average output voltage is zero when inputs 
El and E2 are in phase or 360 deg out-of- 
phase. Transistors are 2N2222.—J. F, Pani- 
cello, Flip-Flap Phase Detects RF Square Wave, 
Electronic Design, Nov. 9, 1964, p 71-72. 
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PULSE SEQUENCE DETECTOR—Resistor divider 
between QI and Q2 prevents input B from 
triggering Q2 unless QT is conducting. 
When pulse is applied in input A to make 
Q1 conducting, next pulse at input B triggers 
Q2 and sends current through load RL.— 
Planar Silicon Controlled Switch 3N81/3N82, 
General Electric, Syracuse, N.Y., No, 65.16, 
1964, 
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SYNCHRONOUS DETECTOR—Circuit shown 
overcomes capacitance problem in typical fet 
chopper by producing signal opposite in 
polarity to syne signal and feeding it to 
drain of fet through capacitance exactly 
equal to gute-drain capacitance. Dynamic 
range is 80 dB at 100 kHz.—R. P. Lackey, 
High-Speed Synchronous Detector, FEF, May 
1970, p 103. 


VOLTAGE BAND DETECTOR—Modification of 
paired Schmitt triggers produces output only 
when input 2 is within predetermined limits 
that are above voltage at input 1. Circuit 
thus detects absolute differences between 
two low-level ingut signals,—T. Weisz, Pair- 
ing Schmitt Triggers Produces Lower Hystere- 
sis and Faster Switching, Electronics, Nov. 28, 
1966, p 75-79. 
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BOOSTER—Simple differential preomp ahead 
of cro provides necessary gain and sensi- 
tivity for measuring rise and settling times of 
dha converter, Sufficient offset is provided 
by voltage source to look only at top of con- 
verter waveform.—4J, J, Pastoriza, Know Your 
D-A Converter's Capability, Electronics, Nov. 
10, 1969, p 129-130, 
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tk 
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47 oF 
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Ba 3.0k 
(yee 
a 2N709 = 
10-MHZ DIGITAL DATA~Converts to either 
a positive or negative’ analog signal. Each 
bee bit of binary-coded input is applied to base 
® RIO of transistor switches Q1, Q2, and Q3, which 
510 6.7k are normally biased on. When bit turns off €, 
switch, 4-V reference voltage E-ref is summed m 
R? through opamp. Values of input resistances 
5k Q3 R8 and R2 are chosen so each allows cur- 
2N709 rent flow proportional to weight or signifi- 
cance of its respective binary digit~J. Mace E 
J. and J. W. Bain, Digital-To-Analog Converter : 
C4 e is Fast and Simple, Electronic Design, June 6, 
a7 pF 


1968, p 118. 
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MULTIPLEXER—-Any number of Burr-Brown 
9859/15 integrate-hold electronic switch mod- 
ules may be combined as shown for multi- 
plexing at output of opamp if properly se- 
quenced control pulses are fed to switches, 
With properly weighted input summing resis- 
tors, set of n switches may be used to con- 
struct n-bit digital-analog converter or n-bit 
multiplying digital-analog converter.—Inte- 
grate/Hold Electronic Switch, Burr-Brown Re~ 
search, Tucson, Ariz., PDS189, 1967, 
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INTEGRATED CHOPPER—Digital-to-analog con- 
version is produced by spdt action of inte- 
grated chopper Q2, without complex drive 
circuitry.~J. M. Cohen, Integrated Chopper 
Forms Simple Digital-to-Analog Converter, 
Electronic Design, Nov. 22, 1965, p 60—61. 
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4-BIT DIGITAL-ANALOG—Uses complementary 
transistors as switches, Driver transistors at 
left operate from higher negative supply volt- 
age to ensure that switching transistors will 
bottom satisfactorily. Ladder network, made 
up of close-tolerance resistors, is used for 
summing outputs.-”E-Line Transistor Appli- 
cations,” Ferranti Ltd., Oldham, Lancs., Eng- 
land, 1969, p 49. 
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HIGH-SPEED OPERATION—Bit rate is limited 
primarily by speed of associated opamp, and 
can be up to 1 MHz for monolithic units or 
above 3 MHz for hybrid units. Resolution is 
up to 10 bits and accuracy half of least sig- 
nificant bit. Report gives design equations 
and application data.—N. S$. Palazzini, A 


am 


OPERATIONAL 
AMPLIFIER 


High-Speed, Current-Summing, Digital-to-Ana- 
log Converter, Sprague, North Adams, Mass., 
No. TP-68-9. 
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LADDER SWITCH—Crystalonics CDA1-2 pack- 
aged iadder switch for digital-analog con- 
verters accepts either 6-V positive or 24-V 
negative triggers directly from logic, Con- 
tains series-shunt switch and driver. Uses 
chips bonded directly to sybstrate.—Hybrid 
IC's, Crystalonics, Cambridge, Mass., 1969. 


BIPOLAR-REFERENCE LADDER SWITCH—Crys~ 
talonics CDA5 hybrid package for digital- 
analog converters has maximum switching 
delay of only 3 us, operating from either posi- 
tive or negative 4-V reference.—Hybrid !C’s, 
Crystalonics, Cambridge, Mass., 1969. 


CONVERTING PULSE WIDTH TO VOLTAGE— 
Can be used to convert voice-modulated var- 
jable-width pulses back to analog voltages 
over narrow-bandwidth space communication 


RoR, 


chennels. Output is linearily proportional to 
pulse width, Operates over duty-cycle range 
from 0.06 to 60%, with pulse periods up to 
500 ms. Requires only about 600 mW power. 
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Can handle up to 10,000 pps.—A. b. New- 
comb, Jr, Solid-State Integrator Combines 
Low Duty Cycle With Low Ripple, Flectronic 
Design, April 12, 1965, p 42-45. 
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CLAMPED LOAD—Diode-resistor arrangement 
at right cuts cost of OFF level standardizer 
for driving flip-flop in digital-analog con- 
verter driven by counter or register, For 5-V 
logic level, output voltage error is less than 
0.2 mV per degree C, Diodes can be un- 
matched but should be mounted close to- 
gether to minimize temperature errors.—E. J. 
Rogers, Accurate Binary Levels In a Clamped 
Circuit, Electronic Design, April 27, 1964, 
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NEGATIVE-REFERENCE LADDER SWITCH— 
Crystalonics CMDAT hybrid package for digi- 
tal-analog converters gives 10-bit accuracy 
when used with 10K/20K ladder. Works 
directly from logic. Consists of series-shunt 
switch and driver.—Hybrid IC’s, Crystalonics, 
Cambridge, Mass., 1969. 
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$270 
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UP TO 12 
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12 TTL GATES FOR RESISTIVE LADDER—Inex- 
pensive, easily assembled d-a converter inverter. 


serves as low-cost drive for ert display ter- put is summed into one input of opamp, 
minals, TTL used must have open collector Resistive Indder 
for external resistor and power supply, such switched by logic gates according to signifi- 


220 pfd 
220 pfd 


LOGIC OUT 
INPUT 2N5066 
122.8V 
0<0,6V 


POSITIVE-RERERENCE LADDER SWITCH—Crys- 
talonies CDA4A hybrid package for digital. 
analog converters gives 12-bit accuracy, works 
directly from logic, and uses positive 10-V 
reference.—Hybrid IC’s, Crystalonies, Cam- 
bridge, Mass., 1969. 
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network weights currents 


4.7k OFFSET 


270 ANALOG 
OUTPUT 


Current proportional to digital in« Value of R should be between 10K and 50K 


for best accuracy and settling time.—C, S. L. 
Keay and J. A. Kennewell, D-A Converter 
Switches Digital Inputs with TTL Gates, Elec- 


as SN7401 quad NAND gate and SN7401 hex cance of their input bits on binary scale. tronics, Dec. 8, 1969, p 89. 
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+12V PWM TO VOLTAGE—Provides linear conver- 
sion from pulse width to analog output volt- 
age, from input repetition frequencies of 1 
kHZ to 1 MHz and duty cycles from 5 to 95%. 
Q1 generates linear ramp across C2, with 
duration and height controlled by input pulse 
width, Ramp voltage is applied to one input 
of differential amplifier Q4, and inverted out- 
put of amplifier Q2 is applied to other input. 
Feedback tends to maintain output voltage 
across C3,—0O, Lykins, Simple Circuit Converts 
Pulse Duty Cycle Into Analog Voltage, EEE, 
July 1968, p 98-99. 


SWITCH 2N3677 2N5066 SWITCH 
INPUT ° OUTPUT 
Wk 
COMMON 
DIGITAL 
CONTROL. 
INPUT 
© COMMON ) 
-15¥ 
HIGH-LEVEL SIGNAL SWITCH—Cantrolled by sisters iselate drive from signal current. resistance is about 10 ohms.—R. C, Gerdes, 


standard TTL or DTL logic having ON-OFF 


Can be used for digital-analo: 0! i High- i 969 
finie- ce oboet: 400A Conigloisentiny Wa. g conversion, igh-Level Analog Switch, EDN, Sept. 1, 1 , 


video switching, and sample-and-hold. ON p 73. 


NOTE: To locate additional circuits in the category of this chapter, use the index at the back 


of this book. Check also the auther’s “Sourcebook of Electronic Circuits,” published by 
McGraw-Hill in 1968. 


CHAPTER 26 
Display Circuits 


0 24V + 20% 
1I5VAC 


$1 POSITIONS 
1 - OFF 
2 - RIGHT ELECTRODE 
3 - LEFT ELECTRODE 
4 ~ FLASHING 
5 ~ BOTH 


v1 
StG L12-32-1 Te 


BISTABLE INDICATOR LAMP DRIVER—Lamp is 
turned on by short trigger pulse at input A 
and then remains on. Lamp is turned off by 
positive pulse at A and will remain off, 
Used with logical flip-flop.—A. C. Gillie, 
“Pulse and Logic Circuits,” McGraw-Hill, 
N.Y., 1968, p 260, 


FIVE-CONDITION INDICATOR—Represents any 
of five states, using single neon lamp, by 
switching $I.—W. G, Miller, “Using and Un- 
derstanding Miniature Neon Lamps,” H. W. 
Sams & Co., Indianapolis, Ind., 1969, p 23. 


Rt R22 
200V 25% 


MBV t5%0 


TSV £5 %o 


av 


40x 8SX21 
cathode switch 


ANODE-SCANNING DISPLAY—Dynamic drive 
circuit for ZM1000 numerical indicator tube 
is externally excited by 5-V base drive pulses, 
mutually shifted in time, that make TR1 to 
TRn conduct in succession. Indicator tubes 
are thus sequentially selected for display, 
with cathode drive transistors made conduc- 
tive at appropriate instant to show correct 


numerals. Values: R1 180; R2 220; R3, R4, 
RS, Rn 10K; Cl, C2, C3, Cn 100 nF; DT, D2, 
D3, Dn BAX13; D4, D5, Dé, Dn, BAX16; D7- 
D-16 BAX16; TRI-TRn 516BSY.—D. J. G. 
Janssen, A. G. Korteling, and P. H. G. van 
Vlodrop, Cold Cathode Numerical Indicator 
Tubes, Philips, Pub. Dept., Elcoma Div., Eind- 
hoven, The Netherlands, No. 327, 1968. 
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210 


is BLEEDER 
ELEMENT MAY BE SERIES 
Bere | REQUIRED 


IK 
Sad SWITCH 


CSDXi42 


AC SUPPLY 230V RMS 


LIS VACO 


LOW-VOLTAGE NONLATCHING INDICATOR— 
Neon receives —18 V when Q1 is cut off 
by 1-V pulse. Together with zener voltage, 
this fires lamp.—W. G. Miller, “Using and Un- 
derstanding Miniature Neon amps,” 4. W. 
Sams & Co,, Indianapolis, Ind., 1969, p 20. 


+h 


60 CPS ~> 2KC/S 


Xl 


1n1763 3.3K SW 


Oe 
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DRIVE FOR  EL—Electroluminescent 
panel is off when switch is open. When 
switch is closed, ser gate is positive and ser 
conducts, with oa-c load current flowing 
through ser, switch, IK resistor, and control 
battery.—D. R. Grafham, Using Low Current 
SCR‘s, General Electric, Syracuse, N.Y., No. 
200.19, 1967, p 40. 


TO ADDITIONAL 
INDICATORS. 
(60 MAX) 


2N4126 


ct) 


3K 


Y AMPLIFIER FOR NUMERICAL DISPLAY 
Differential output stage is fed by preamp to 
which deflection signals from bar matrix gen« 
erator and column or row selector are ap- 
plied. TRII is BSX20; TR12 and TR13 are 
BSX21.—A. P. Tanis, Numerical Display with 
Bar Matrix Character Generator, Electronic 
Applications, Philips, Pub. Dept., Eleoma Div., 
Eindhoven, The Netherlands, Vol. 27, No, 2, 


selection 
pulse 


f } input signal—~» 


DISPLAY BANK WITH MEMORY—Circuit con- 
trols ane numerical indicator tube in bank of 
such tubes, displaying parallel digits rep- 
resenting information from computer or cal- 
culator. Ses associated with each digit acts 
both as switch and memory so display is held 
after input signal has ceased. Display tubes 
are energized in sequence unfil entire nu- 


1966~—1967, p 73—83. 


2M1000 


t ' Vacs ed ts ' f 

0 a 2 B 9g 
meral is visible. Display is blanked out by Rl= 16k) R7 
applying positive pulse to all selection pulse R2= Wk R10 to R19 
inputs, to turn off every conducting ses and 

extinguish all indicator tubes—D. J. G. R3= 1.2 Q R20 to R29 
Janssen, A. G. Korteling, and P. H. G. van R4= 2.2 QD c 

Vlodrop, Cold Cathode Numerical Indicator R5_ 

Tubes, Philips, Pub, Dept,, Elcoma Div., Eind- VOR $0 to $9 


hoven, The Netherlands, No. 327, 1968. 


nt 


il 


tt 


tt 


8.2 KD 
8.2 2 
3.3 kQ 


2.7 nF 
BRY 39 
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aI) SWITCHED SEQUENCE—First microswitch to 
close causes three neon lamps to glow. Sec~' 


ond switch lights only two lamps, third lights 
one, and fourth doesn’t light any lamp.— 
E. Bauman, “Applications of Neon Lamps and 
Gas Discharge Tubes,” Signalite, Neptune, 
NJ, p 143. 


= \ 
ALL LAMPS~— A079 
ALL RESISTORS— [OOK I/2W 


\ 
(+) 


SKILLET HEATER 


/2w 
LT2R-27-2 
NEON LAMP 


THERMOSTAT 


W7 VAC 


APPLIANCE ON INDICATOR—Neon [amp in- 
dicates when thermostatically controlled 
heating element is on.—E, Bauman, “Applica- 
tions of Neon Lamps and Gas Discharge 
Tubes,” Signalite, Neptune, N.J., p 138. 


(+) —- 
33K 
v2w 

LTG-27-2 

(~) eS 


WRITE WITH FLASHLIGHT-—Light excites one 
photocell in bank of 1,000, causing corre- 
sponding three-element neon lamp in bank 
of 1,000 to glow. Lamps remain on until 


reset button is pushed to turn all lamps off at 
once, Power source is 145 V.—E. Bauman, 
“Applications of Neon Lamps and Gas Dis- 
charge Tubes,” Signalite, Neptune, N.J., p 
116, 


Z AMPLIFIER~Provides unblanking of crt at 
required instants in scan of figure-8 bars, 
under command of input register and decoder, 
for generating desired numeral on crt dis- 
play. Transistor is BF177 and all diodes are 


BAXI3.—A, P. Tanis, Numerical Display with 
Bar Matrix Character Generator, Electronic 
Applications, Philips, Pub. Dept., Elcoma Div., 
Eindhoven, The Netherlands, Vol. 27, No. 2, 
1966-1967, p 73-83. 
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Bre +160 VOLTS NYXIE DRIVER—Ser biased as remote-base 
aOR transistor mokes excellent high-voltage tran- 
@® NIXIE TUBE | Typegadaa tL sistor for driving each element of Nixie, neon, 
220% 220% 2205 220 Bas oe ay dat or other type of digital display. Common- 
K K K K ° emitter current gain is 2. For memory fea- 
iar ture, with display ated by pulse and 
holding until reset externally, connect C5 
conventionally as ser.—“SCR Manual,” 4th 
Edition, General Electric, 1967, p 170-171. 
TUBE "ON" TUBE "OFF" COLLECTOR 
° (C5 ANODE} 
“LT SCR'S:GE C5DxI42 
A. EMITTER = 
INPUT {CS GATE) 
INPUT o— 
INPUT o—~— 
BASE 
INPUT om LS CATHODE) 
Veo + 6v 
4 V TURNS ON NEONS—Low-voltage IC flip» 90v PEAK OR 
fl Rae GREATER 
op turns neon glow-lamp indicators such as 
NE-23 on and off even though IC cannot 
handle 71-V breakdown of lamps. Pulsating A-C 
d-c voltage at V2, obtained from ac line, CINE 
can turn lamps on and off with each cycle 
of anc line. Only one lamp of a parallel pair 
can fire at a time. When lamp connected to 
“1"" output of IC (4 V) turns on, V1 drops 
to maintaining voltage of 60 V and other 
lamp cannot turn on.~G, V. Wintriss, Inte- 
grated Circuit Drives Neons Directly, Elec- 
tronics, Nov. 13, 1967, p 99. 
120VRMS 
60 Hz 
—— 


SCR DRIVER FOR LAMP-—Designed for No. 24 
24-V lamp requiring 34 V rms from trans- 
former secondary for normal brilliance on 
half-wave.—D. R. Grafham, Using Low Cur+ 
rent SCR’s, General Electric, Syracuse, N.Y., 
No, 200.19, 1967, p 25. 


Rs 
+50V 
27k 
VI 
T2-27-1R100 
cue 
-20N Ry 227k 
parent = 


NONLATCHING INDICATOR—Neon glows only 
when negative pulse, which might come from 
transistor collector or other low-voltage 
source, is present.—W. G. Miller, “Using and 
Understanding Miniature Neon Lamps,” H. W. 
Sams & Co., Indianapolis, tnd., 1969, p 20. 


*s 


eed 


x Xa x3 Xq XN 
ALL LAMPS~ T2-27~-IWR760 Y NORMAL +60V X NORMAL -60V 
ALL RESISTORS— 22K Y "ON" +105V x "on" -l05¥ 
NEON X-Y MATRIX—Any one lamp lights zero. Information may be fed in by X and 


only when both X and Y voltages on that 
line are increased to specified value. The 
matrix may be reset either by momentarily 
removing voltages or by reversing polarity 
along either axis so voltage across lamp is 


Y ring counters. Readout may be visual or 
through photocells coupled to individual 
Jamps and transistor cirevitry.—E, Bauman, 
“Applications of Neon Lamps and Gas Dis- 
charge Tubes,” Signalite, Neptune, N.J., p 76. 
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+12V FOR 95-120 DC OR R6 
LATCHING RECTIFIED AC 
AC FOR +6V 72kS2 
NON -LATCHING 150K 07 
3.9K R12 R20 X-output 
NE-8! i aoe 
47 kS2 100 kSe2 
+2.6V=0N 
O= OFF 
INITIALLY 10K 
+6V “SEkSe 
INPUT 
i Pad RI3 Det 
PLANAR PNPN SWITCH DRIVES NEON— iE 010. OP 
Serves as law-cost latching-type driver for 
single neon indicator lamp, immune to trig- ou Rls 
gering by line transients.—Planar Neon Driver LE Sy 
Silicon Controlled Switch 3N83, General Elec- 
tric, Syracuse, N.Y., No. 65.17, 1964, 
RIG 
R8 
Oy. lle 
+6V “Bko TRA 
MOVOLTS DC (tor latching) LEG 
(10 VRMS (non-latching) aa 
Ra R3__ +100V 
150K 
5 C7 Bal 
1e0nF rec 20kS2 22k Ss 
3 
OR SIMILAR oe 4¢: de 
R5 
1082 TRI A) 06 05 
C68, OR C58 R2 LA OIA 
1kS2 NAT 
Z Z 
D2 
Joe +6V Z LB L- 
ae Deep icBOp 
SCR DRIVER FOR NEON—Low-current scr has clock AN 
ample voltage capability for handling 110 V Ro NAY, 
required for driving neons, Nixies, and other 1Sk Se 
types of glow lamps. RI provides holding 
current for scr.~D. R. Grafham, Using Low 
Current SCR’s, General Electric, Syracuse, N.Y., — DI6/Ta) RY? R21 
No. 200.19, 1967, : EF. 
° p 25 WY 27kGe BOKGD 
+6V 12K pg 
8 
017 R18 
Lo 2 fa 
150 kS2 
ATuE ¢ey RM ‘| a 
4700 2kSe : 
Lo on/p a) 7 5 
ay > 
Vv, AC ee ‘ 
rag A Le 019/Gay 
SSL-22 WY 
20 R19 R22 
ur IO 
90k&2 S4kG2 Y-output 
A-C LINE VOLTAGE INDICATOR—With solid. BAR MATRIX GENERATOR—Output of saw- of 12 numerals each. Decimal point is 


state lamp, power dissipation in circuit is less 
than 0.2 W. Surge-limiting resistor and 
surge-handling capability of diode and ssl 
make indicator self-protected from most line 
spikes or switching transients.—L. M. Hertz, 
Solid State Lamps—Part Il, General Electric 
Co., Nela Park, Cleveland, Ohio, Applications 
Manual 3-0121, 1970, p 25. 


tooth generator (center) is selectively gated 
to X (top) and Y (bottom) deflection ampli- 
fiers of crt to repeatedly trace rectilinear fig- 
ure 8 with decimal point slightly to its right, 
with beam being unblanked during sweep 
to display bars required to form desired 
numeral. All transistors are Philips BSX20 
and diodes BAX13. Display shows four rows 


formed by allowing beam to rest in fifth po- 
sition of scan for period of 1 bar (32 us). 
Field repetition frequency of 80 Hz elimi- 
nates flicker.—A. P. Tanis, Numerical Display 
with Bar Matrix Character Generator, Elec- 
tronic Applications, Philips, Pub, Dept., Elcoma 
Div., Eindhoven, The Netherlands, Vol. 27, No. 
2, 1966-1967, p 73~83. 


214 


95 TO I05V 

OC FOR LATCHING 

AC FOR NON-LATCHING 
re) 


+1V=0N 

O= OFF 

INITIALLY 
0 


PLANAR SCS DRIVES NEON—Gives high re- 
liability and uniformity of operation ot low 
cost. Immune to voltage transients.—Planar 
Silicon Controlled Switch 3N84/3N85, Gen- 
eral Electric, Syracuse, N.Y., No. 65.18, 1964. 


Vea to 
+180V Ri 
vi 
SCAN 
o1 
carry OD 
output, WO 
ki _RE 
reset 
pulse (war 


OV, 


MULTI-DIGIT DISPLAY—Uses scs ring counter 
to provide static display on several numerical 
indicator tubes, with final count being held 
after troin of counting pulses is terminated. 


CLOCK 


02 BAX16 
AD BAX13 
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R-S FLIP-FLOP FOR NIXIE—When both transis- 
tors are on, output is —E (~5 V) and Nixie 
cathode is off. Circuits hold at this state 
until information is received from 
external circuitry. Flip-flop thus serves both 
as driver and storage.—G, K. Kostopoulos, 
Nixie Driver Flip-Flop Also Stores Informa- 
tion, Electronic Design, Sept. 13, 1965, p 82. 


new 


+ 28Vdce 
———O 


JHREE-MODE INDICATOR LAMP—With both 
switches open, Q1-Q2 form part of astable 
mvbr that makes lamp blink once per sec« 
ond. With $1 open and §2 closed, lamp stays 
on, With SI closed and $2 open, lamp goes 
out, Transistors or relays may be used in 
place of switches.—P. £. Dingwell, Three-State 
Indicator, EEE, March 1967, p 166, 


R1 = 15kQ RWtRID= 1k 
R2 1kQ R20 = 10 MQ 
21000 
R3, R4= 5.1K Cy,c2 9 = 4.7 nF 
reer) RS = 10K Cw te C19 = 330 PF 
pL RE = 22K) ogg = BRYS 
dec. primer 


When ring counter goes from position 9 back 
to 0, corry pulse is produced to drive iden- 
tically designed succeeding display stage. 
Maximum count rate is 40 kHz—D. }. G. 


Janssen, A. G, Korteling, and P. H. G. van 
Viodrop, Cold Cathode Numerical Indicator 
Tubes, Philips, Pub, Dept., Elcoma Div., Eind~ 
hoven, The Netherlands, No. 327, 1968. 


FLIP-FLOP STORAGE DRIVES NIXIE—Circuit 
shown drives one Nixie cathode and holds 
until new information is received from ex- 


200V 5% 


ov 


even anode 
Rl = 15k R12 
R2 = 270k R13 te R17 
R3 = 6810 R18 
R4 =750 kK R19 
R6 = 15402 R21 
R7 = 47k R22 
RB = 330k) =R23 
Rll = 470:Q R24 


i 


U 


DISPLAY CIRCUITS 


INSI4 


te) 


K 
2N720A 


ternal circuitry. Power dissipation is very 
low. Both transistors are either on or off; 
when on, output voltage to cathode of Nixie 


ky-s 


k-3 


Ko-+ 


BIQUINARY INDICATOR DRIVE—Uses levels of 
3 V for conducting anode and 0 V for non- 
conducting anode, corresponding to “1” and 
“9” signals respectively, With “1” at “even” 
anode terminal, TR2 will be bottomed and 
base of TRI pulled negative to cut it off. 
Simultaneously, “0” is applied at “odd” 
anode input, to cut off TR9 and make TR& 
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NIXIE TUBE BURROUGHS 8503! OR 85092 


is +1 V, and Nixie is on.—G, K. Kostopoulos, 
Nixie Driver Flip-Flop Also Stores Information, 
Electronic Design, Sept. 13, 1965, p 82. 


odd anode 


kg-7 ke-9 


conducting. Now, if one of the cathode 
switches TR3 to TR7 is made conducting, an 
“even” anode ignites and an “even” nu- 
meral is illuminated on display. R9 is VDR.— 
D. 5. G. Janssen, A. G. Korteling, and P. H. G. 
van Vlodrop, Cold Cathode Numerical Indi- 
cator Tubes, Philips, Pub. Dept., Elcoma Div., 
Eindhoven, The Netherlands, No. 327, 1968. 
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5 


FUSE-CONDITION INDICATORS~Glowing 
neon lamp indicates either blown fuse in first 
circuit or good fuse in second.—W. G. Miller, 
“Using and Understanding Miniature Neon 
Lamps,” H. W. Sams & Co., Indianapolis, Ind., 
1969, p 23. 


COM 


DIODES FOR NEON LAMP-—Two inexpensive 
diodes replace costly high-voltage transistor 
for switching neon lamp on and off. Dashed 
connections show how additional lamps can 
be connected in parallel and operated from 
same supply. Diodes are part of logic cir« 
cuit producing decimal readout for time and 
frequency meter. To hold lamp off, point A 
is connected directly to 25-V supply; lamp 
comes on when point A is grounded to raise 
lamp voltage above 75-V minimum for fir- 
ing. While lighted, lamp turns on and off 
120 times a second but flicker is not notice- 
able. {n decimal readout, DI is arm of AND 
gate, and D2 is arm of OR gate.—C. J. Ul- 
rick, Diodes Reduce Cost of Switching Neon 


Lamps, Electronics, Feb. 6, 1967, p 70. 


ZTX341 


ZOXIR 


NIXIE DECODER AND DRIVER—Circuit ac- 
cepts 8-line logical input in 8-4-2-1 binary 
coded decimal and decodes it to obtain deci« 
mal equivalent for energizing appropriate 
digit from 0 to 9 stacked together as cathodes 


of gas-filled indicator tube, Uses two stages 
of selection, based on fact that if least sig- 
nificant digit is eliminated, pairs of odd and 
even numbers share same logic. First selec« 
tion stage decides into which of five pairs 


RECTIFIED 
SINE~ WAVE 


ZOXIR 


ZTX300 BCW10 
ZTX341 BSV28 


required number falls, and second stage de- 
cides whether number is odd or even. Only 
one output can satisfy both conditions.—”E- 
Line Transistor Applications,” Ferranti Ltd., 
Oldham, Lanes., England, 1969, p 52. 
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190 
si 4 
suo &) | &) fen 0n2 (He) | | 
RI | R2 
R3 c2 031 Cat 
ty WA Ray On3 
4 aN 
on C10 NA 
C1 i 
| fro ie R,2 
W10V 
Dad 
TRI, TR2...TRn = 516BSY e2 
TR10, TR11...TRn t= BC147 
it 
65TO Nn 
T15V 
4) @ & aoe 
Tf Paar 
decoder | [TT mee, -— | 
RS ae Page ie oe et eee 
Fy ae ed ed ew ee el a 
C2 
Ryd (yr 
by TRat 
(i 
ant oe Soon ete ae 
© © © © 2) O © © 
Adi AdAal Aadaa 
TT tt TT tT] 
a 
binary logic output—> area aed digrt Tea eg digit units 
RI = 1M) C1 = 100 nF 
R2 = 2700 
R3 = 2700 C2 = 33 pF SELF-EXCITED DYNAMIC DRIVE FOR INDICA- 
he TORS—Circuit is designed to display informa- 
es pte C10, Cli...Cnt = InF tion presented to all digital inputs in parallel, 
R10, R11...Rn1 = 10kQ C20, C21...Cn2 = 10 nF After operation of start switch, anode 
R20, R21...Rn2 = 150 kQ D1, D2...D10 = BAX16 switches TR] through I se activated 2 
ta turn in continuous cyclical order to provide 
Bene Bie See ee van BRY39 scanning of binary information supplied to 
R40, R41...Rn4 = 100 ki) D20, D21...Dn2 = BAXI6 NAND gates.—D. J. G. Janssen, A. G. Korte- 
R50, R51...Rn5 = 10k) D30, D30...Dn3. = BAX16 ling, and P. H. G. van eae Cold cee 
= Numerical Indicator Tubes, Philips, Pub. Dept., 
ROO: Blane i= 1000 D40, D41...Dn4 = BAX16 Elcoma Div., Eindhoven, The Netherlands, No. 


327, 1968. 
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ooo 
nxie® 
CLEAR (WITH NEON USE 3N85.) 


NIXIE OR NEON DRIVER—Requires 1 mA in- 
put to set and 2 mA to cleor, With AND 
gate at input, contents of register can be 
sampled and loaded into series of similar 
driver stages. Inputs are compatible with 
DTL logic.—R. M. Muth, Digital Circuits with 
Visual Readouts, General Electric, Syracuse, 
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RIGHT = LT2~32-1 
sl 
ot 23K 
US VAC : OFF 26 
FOUR-CONDITION INDICATOR—Uses single 


neon lamp. By switching $1, either right, 
left, none, or both electrodes of lamp may 
be activated —E. Bauman, “Applications af 
Neon Lamps and Gas Discharge Tubes,” Sig 
nalite, Neptune, N.J., p 149. 


X AMPLIFIER FOR NUMERICAL DISPLAY~ 
Differential output stage is fed by preamp 
to which deflection signals from bar matrix 
generator and column or row selector are 
applied. NAND gate connected to base of 
TRIO centers numeral | in its space. TR8 is 
BSX20, TR9 and TRIO are BSX21, and diode 
is BAXI3.—~A. P. Tanis, Numerical Display 
with Bar Matrix Character Generator, Elec. 
tronic Applications, Philips, Pub. Dept., Elcoma 
Div., Eindhoven, The Netherlands, Vol. 27, No. 
2, 1966-1967, p 73-83. 


5 Vide 


Re 


N.Y., No, 671.3, 1966, p II. 


Ra 
INPUT A 270 


hy ne me et sean 
+15Vde Wis20 : Tremore DISPLAY UNIT t 
o- 
cw | 
Dz D1 | 
Ra INS9OA IN5994 | 
ecw SCR2 | 
R, 
INPUT 8 azo ansoetl i818 isis 
| 
a | | 
2N3392 } ] 
cow : 
ars 28 Vans l | 
SOk b2 
ow IN3I96 + ae | 
ae REMOTE LAMP DRIVER—Circuit minimizes num- 
560 ber of lines to remote lamp displays. Diodes 


POT POSITION DISPLAY—Simple transistor 
amplifier for meter provides accurate display 
of potentiometer position on meter, D1 pro- 
fects meter against large position changes. 
Dual pot permits setting electrical zero at 
any potentiometer position.—R. M. Reinking 
and D. R. McCusker, Simple Circuit Solves 
Position Display Problem, Electronic Design, 
Nov. 8, 1967, p 122. 


in series with lomps, connected with apposite 
polarity, and scr’s similarly connected with 
Spposite polarity at source cut number of 
lines to one for every two lamps, plus one 
common line. Inputs are compatible with 
Motorela MRTL logic. 24-V lamps are re- 
quired for long life, because half-cycles from 
24-V source heat filaments of 14.4-V lamps 
excessively and shorten life.—W. Lindenbach, 
Lamp Driver Minimizes Lines to Remote Dis- 
play Unit, EEE, Dec. 1969, p 91-92. 


DISPLAY 


GESAB-B 
+5V (5V MAX) 
ae MOTOROLA 
50us MIN MPS 2924 


TRANSISTOR-OPERATED INDICATOR—Neon 
fires upon application of voltage pulse, 
1,2K resistor prevents false starting by mini- 
mizing leakage effects.—W. G. Miller, “Using 
and Understanding Miniature Neon Lamps,” 
H. W. Sams & Co., Indianapolis, Ind., 1969, 
p 22. 


RS 


GE 
4 
soon AC SUPPLY 230V RMS 
60 TO 2K HERTZ 


= 


SWITCH 


EL 


SHUNT DRIVE FOR EL PANEL—Electrolumines- 
cent display is on when switch is open (no 
3-V control signal}—”SCR Manual,” 4th Edi- 
tion, General Electric, 1967, p 171. 


signal 
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Ry 
+70 a 
TECH-NEON 
—_— A079 
Coes 
0 T12N337 
lps 
C 
SHORT-PULSE INDICATOR—Neon fires upon 


application of pulse and remains on until C 
discharges through Q1 and 10K resistor. In- 
creasing C allows lamp to remain on longer 
but decreases input sensitivity of circuit.— 
W. G, Miller, “Using and Understanding Min- 
iature Neon Lamps,” H. W. Sams & Co., 
Indianapolis, Ind., 1969, p 22. 


IISVAC 
ONE-MILLION-HOUR INDICATOR—Use where 


extremely long life and low power dissipa- Cc - 03 LF 
tion are required. Capacitor is used instead 
of resistor to limit current to half the design 
current, thereby increasing life of lamp by! 
factor of 64.—W. G. Miller, “Using and Un-.V1 C2A 
derstanding Miniature Neon Lamps,” H. W. 
Sams & Co., Indianapolis, Ind., 1969, p 24. 


signal 


C) & 


PACS 


FOUR-DIGIT ANODE-SCANNING DISPLAY— 
Dynamic display, using voltage step-up trans- 
formers for indicator tube drive, is fed from 
low-voltage d-c source. Scanning repetition 
rate is 25 kHz. Transistor base drive signals 
are shifted simultaneously so numerical in- 
dicator tubes conduct in turn. Values: RI- 


40x BSx21 
cathode switch 


R4 680; R6-R9 220; RIT 5.6K; CI-C4 8 pF; 
C6 2.2 wF; DI-D4 BAX13; D6-D9 BAX16; TRI- 
TR4 BSX20.—D, J. G. Janssen, A. G, Korte~ 
ling, and P, H. G. van Vlodrop, Cold Cathode 
Numerical Indicator Tubes, Philips, Pub. 
Dept., Elcoma Div., Eindhoven, The Nether- 
lands, No. 327, 1968. 
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Se ae eT 
SYLVANIA 
+4.5V0C PSB6 
6V 140mA 
INPUT 2 . Wey 
"4 ea bOMY 
+3V 2 
2N3528 
Moe. 
DSTANLOR 
P-8I30 


z 
<2 =~ 100 
Zw 


BINARY STATE INDICATOR—High input of 3 
V for logical 1 makes scr conduct on each 


OPERATING NEON ON 1.5 V—-Ujt oscillator positive half-cycle of a-c line and keep lamp 


and transformer step up battery supply volt- 
age to that required for driving neon power~ 
on indicator, for use in battery-operated 
equipment where power drawn by incan+ 
descent pilot lamp is more than that drawn 
by circuitry itself. By keeping frequency and 
duty cycle low to give flashing indication, 
power consumption is further reduced. Al- 


on for as long as input is at high level. 
Low input of 0.1 V for logical 0 will not 
trigger ser and lamp will not light. Low 
input current requirement of about 0.2 mA 
makes circuit excellent as readout for inte~ 
grated circuits, “Transformer specified can 
drive up to 14 identical readouts.—P, Galluzzi, 
Readout Circuit for Digital ICs, FEE, Jan. 


most any ujt may be used for 6 to 40 V, but 
2N2840 should be used if supply is single 
1,5-V cell. Choose R1 and Cl te give de- 
sired frequency.—L. Toth, Circuit Powers Neon 
Lamps from Low-Voltage Sources, Electronic 
Design, May 10, 1969, p 136. 


a 
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1967, p 115. 
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Y 


68k 180k 
¢ D & F 


fe ee a) 


R = 56k 


Q;,Q2—- NPN SILICON 
SWITCHING 
TRANSISTORS 


LAMP DISPLAY 


DIGITAL DISPLAY—Seven-segment numerical 
display uses 21-resistor matrix and gives 
greater reliability than more costly 49-diode 
conventional matrix. All lamps glow when 
there is no input. Desired digit is obtained 
by turning off unwanted lamps. Use of high- 
value resistors makes current delivered to 
undesired transistors small enough to be 


negligible. Input terminals of matrix take 
signals from decoder that converts bed out- 
put of binary counter into decimal numbers. 
Numeral 8 is formed when all lamps are on, 
so no input terminal is needed for it—R. K. 
Sharma, Resistors Come to light In Digital 


Display System, Electronics, Jan. 5, 1970, p 
97-98. 


LAMPS 


CHAPTER 27 


Electronic Music Circuits 


PSYCHEDELIC DISPLAY—When connected to 
hi-fi speaker, circuit activates three sets of 
colored lamps in accordance with volume and 
frequency of sound, to give multicolored 
display changing in time to music. Uses No. 
93 12-V 1-A automotive lamps permanently 
colored by manufacturer; blue is for low fre- 
. quencies, red for mid-frequencies, and green 
for highs, Six additional No. 1488 colored 
lamps rated 12 V at 150 mA (not shown) 
are used at sides and corners of aluminum 
reflector behind translucent plastic panel. 
Used in Eico Model 3440 kit. Pots in inputs 
of two channels permit changing patterns 
as desired.—New Color-Organ Kit, Electronics 
World, May 1969, p 80. 


1N4001 


W2OV Ane 


IN3495R 


POWER SUPPLY 


COLOR ORGAN—Music input is divided into 
four frequency bands by four active filters, 
each amplifying one frequency band much 
more than others. Each channel can drive 
up to 625-W lamp load, to give total of 


—— BLUE ———4 


FUSE 
TAMP SLO-BLO 


juame POWER 


STANCOR TA-2 


IN4746 


INPUT 


2,500 W illumination in four different colors 
that change dynamically with musical tones 
even at low levels. Values of C in uF are 
0.1 for green channel (lows), 0.047 for blue, 
0.022 for red, and 0.01 for yellow (highs). 


Q,G2 2N3Bet 


ACTIVE FILTER 
REPEAT THIS SIDE 4 TIMES 


[RED (—— GREEN —~—~ 


120V 
COLORED 
LAMP 
PLE 


FEEDBACK 
RQ 


2K 


TRIGGER OUTPUT 

R3 widens filter bandwidth to give effect of 
color blending.—J. M. Powell, A New Ap-~ 
proach to Color-Organ Design, Electronics 
World, Jan. 1969, p 39 and 61, 
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Q2 
2Ni264 


SINGLE-VOICE ORGAN-—Basic tones are 
formed by clock oscillator Q3-Q4, with output 
being frequency-modulated by applying very 
low frequency sine-wave output of QI to 
base of Q4 and collector of Q3. Values 
shown give tremolo of about 6 Hz, Series- 
connected resistors R19-R31 provide chromatic 
scale, and five series capacitors permit keying 
up or down two octaves fram middle octave. 
Sawtooth output ot terminal 9 and pulse 
output at terminal 7 are fed to external mixer 
for changing character of tones before feed- 
ing audio power amplifier—“Hobby Circuits 
Manual,” RCA, Harrison, NJ., HM-90, p. 106. 


+20V 


THEREMIN—Produces wailing sounds that 
change with frequency as hands ore moved 
in gir near 38-inch whip antennas inserted 
vertically in 5-way binding posts JI and J2 
mounted 7 inches apart. Place near back 
of a-m broadcast radio tuned to midband 
and adjust C3 until hissing sound is heard 
over radio, then adjust C4 for very loud 
whistle, Readjust C3 for lowest pitch, then 
play. Ll and 12 are vari-loopsticks. Book 
gives construction data.—”A Modern Transis- 
tor Workbook,” Radio Shack, Boston, Mass., 
1965, p 49. 


13 14, 


-2 -IMIDOLE ! 


Ci. Ce = 0.22 microfarad, 25 volts or 
greater, paper 
C3sCiCu = 0.5 microfarad, 25 volts 
or greater, paper 
C, = 50 microfarads, 15 volts, elec- 


trolytic 
Cs = 100 microfarads, 6 volts, elec- 
trolytic 
CsC; = 4microfarads, 25 volts, elec- 
trolytic 
CaCg = 0.1 microfarad, 25 voltsor 
greater 
Cie = 0.25 microfarad, 25 volts or 
greater 


Cis 


I 


0.12 microfarad and 0,005 
microfarad in parallel, 25 volts 


OCTAVE 
or greater 
Ci, = 0.056 microfarad and 0.0068 
microfarad in parallel, 25 volts 
or greater 
Q.1Q:Q, = transistor, RCA SK3020 
Q; = transistor, RCA SK3005 
Ri = 33,000 ohms, 1/2 watt, 10% 
R2Rs; = 220,000 ohms, 1/2 watt, 10% 
R,Rea= 330,000 ohms, 1/2 watt, 10% 
Rs Ria = 100,000 ohms, 1/2 watt, 
10% 
Rs = potentiometer, 10,000 ohms, 
linear taper 
Rz = 3300 ohms, 1/2 watt 10% 
Rs = 270,000 ohms, 1/2 watt, 10% 
Rio = 180,000 ohms, | /2 watt, 10% 


—E F FE G Gt A At B Cc’ 


Ri: Rai Roe = 1000 ohms, 1/2 watt, 
10% 

Riz = 1500 ohms, 1/2 watt, 10% 

Ris = 180 ohms, 1/2 watt, 10% 

Rig = potentiometer, 1000 ohms, 
linear taper 

Ris = 1200 ohms, | /2 watt, 10% 

Ris = 470 ohms, 1/2 watt, 10% 

Riz = 2.2 megohms, 1/2 watt, 10% 

Rig R2o = 11000hms, 1/2 watt, 5% 

RosReq = 910 ohms, 1/2 watt, 5% 

Ras Res = 820 ohms, 1/2 watt, 10% 

Rez = 750 ohms, 1/2 watt, 5% 

Ros Roe = 680 ohms, 1/2 watt, 10% 

Rao 620 ohms, !/2 watt, 10% 

Ra: 10,000 ohms, 1/2 watt, 10% 


W 


i 
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UJT CHROMATIC-SCALE ORGAN—Gives full 
octave of sharp sawtooth tones that can be 
shaped or voiced at output, under control of 
13 keys, Octave can be moved up ar down 
with R2 from 130.81 Hz (C below middle C) 
to 1,046.05 Hz (C above middle C). Values 
in ohms of RT2 through RTi3 for chromatic 
scale are 1,500 (B), 1,500, 1,650, 1,800, 
1,800, 2,000, 2,200, 2,247, 2,470, 2,470, and 
3,000 (C). RI serves for initial calibration. 
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For 8-key diatonic scale, omit sharps (+) and 
use for remaining resistors 1,500, 3,150, 
3,300, 4,200, 2,200, 4,700, and 5,400.— 


“*“Hobby Manual,” General Electric, Owens- 
boro, Ky., 1965, p 92. 


OUTPUTS I-4 
DRUM TOM-TOM BONGO BLOCKS 

R5— 22,000 82,000 $2,000 330,000 
R6— 10,000 82,000 82,000 (Not used) 
RI~ 2700 6800 6800 6800 
Ri0— 2200 2200 2200 2200 
Rll— 82,000 22,000 27,000 (Not used) 
R12— 1 meg 0.56 meg 1 meg 1 meg 
R13— 2700 2700 2700 6800 
(Note: All resistors are 14 watt, 10%.) 

Cc1— 1 .047 ,047 .047 
C2— al 01 01 (Not used) 
C3— al .047 -033 OL 
C4— al .027 .015 .0033 
C5— 1 .027 015 0033 
Cc7— 1 wl O01 ol 
outputs 22K RI6 

i=4 a— 


DRUM, TOM-TOM, BONGO, BLOCKS—Uses four 
identical one-shot twin-T oscillators, each 
with its own frequency-determining and 


shaping circuit (Q1-Q4). Pressing pushbutton 
switch for desired instrument gives one beat 
regardless of how long button is held down. 
Some or all buttons can be pressed simul- 
taneously. Preamp Q5 permits use of in- 
strument with almost any audio system.—C. 
Muller, Electronic Percussion Instruments, 
Electronics World, Feb. 1967, p 36-37. 


cl Qi 
O.1MFD" GE-Xi0 
10 VOC 


I 


“PITCH '' ANTENNA 


LAFAYETTE 
32-H-4108 


SIMPLEST THEREMIN—Makes use of ordinary 
broadcast receiver to supply fixed-frequency 
oscillator and mixer for Theremin. Place 
Theremin a few inches from back of receiver 
and tune to fairly strong station around 900 
kHz, then adjust slug of L1 until most pleas- 
ing whistle tone is obtained. Moving hand 
near pitch antenna then makes tone change. 
Metal plate about 10 inches square may be 
used as antenna.—J. P. Shields, “Novel Elec- 
tronic Circuits,” H. W. Sams & Co., Indian= 
apolis, ind., 1968, p 76. 


RS 
10k 


bl 
QI-MPS 6521 


TWIN-T AUDIO—Basic circuit using Motorola 
high-gain silicon transistor with R-C networks 
is basic oscillator for many electronic music 
applications requiring up to 10 kHz. Article 
gives nomogram and design procedures for 
choosing capacitor values. CI should al- 
ways equal C2, in range from 0.0003 to 01 
uF, and C3 should be twice as large as 
either.~F. B. Maynard, Twin T’s: Designs & 
Applications, Electronics World, Aug, 1968, 
p 35-37 and 64. 
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7-HZ VIBRATO FOR ORGAN-—Used to modu- 
late frequency of each of 12 master tone 
generators in six-octave electronic organ. 
Provides wavering variation of pitch without 
affecting loudness. Triode in R-C phase- 
shifting network generates 7-Hz signal for 
driving pentode operating as cathode follower 
to match output to impedance of vibrato con- 
trol potentiometer. RI is voltage-dependent 
resistor.—Electronic Organ with Cold-Cathode 
Tube Frequency Dividers, Philips, Pub. Dept., 
Eleoma Div., Eindhoven, The Netherlands, No. 
112, 1966. 
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Ry~ 27K 
R,= 1M 
Ry= pve 
Roe ren 
Rez t wv 
Ry = 220 £9) 
Rg= 18 0 
Ry= 5 9 
Cg 
C, = 270 pF 
Re Cy= 10 uF 
c,= 22 UF 
Cy= 27 pF 
TO VIBRATO CONTROL og= 27 pF 
= 200 uF 
C = 200 y 
+30V 
1MEG 


0. 05uF 


aS 0. 005uF 


CYMBAL AFTERBEAT EFFECT—Special zener 
noise diode is combined with sustain control 
generator for use in electronic organ to create 
a desired noise effect, Transistor and D1 
types are not critical.—’Zener Diode Hand-+ 
book,” Motorola, Phoenix, Ariz., 1967, p 9~5. 


MOTOROLA 
NOISE 
DIODE 


{C HAWAISAN GUITAR—Also called Glide- 
tone. When fed into audio amplifier and 
speaker through shielded cable, generates 
unique sound with sudden attack and decay 
like that of plucked strings, bells, and 
chimes. ICT (HEP556) is tone generator ad- 
justable within two-octave range by R16. 


$3 


oil 


C= 


dl PLi TO AMP 


METRONOME-Produces audible beeps at rate 
determined by setting of R9, for metering 
musical cadence. If beep rate is set at 1 per 


“C1 C2 = 20 microfarads, 12 volts, Ru 
electrolytic 
Q:Qs = transistor, RCA SK3005 
Q2Q. = transistor, RCA SK3020 Rs 
RiRs = 1000ohms, 1/2 watt, 10% 


Rz = 68 ohms, |/2 watt, 10% 


second, may be used in darkroom for timing 
exposvres.—“Hobby Circuits Manual,’ RCA, 
Harrison, N.J., HM-90, p 103. 


3900, 1/2 watt, 10% 


Rs = 470ohms, |/2 watt, 10% 
ReRs = 150 ohms, 1/2 watt, 10% 


R:= 120 ohms, 1/2 watt, 10% 
potentiometer, 50,000 ohms, 
linear taper 

Speaker = 3.20hms 


This frequency is divided by [C2 (HEPS58) 
to create tone exactly one octave lower. 
Stops $1 and $2 feed these tones singly or 
together to Q2 (HEPSO) which provides sus~ 
tain effect. Q1 (HEP251) provides 6-Hz vi- 
brato. Circuit is thus similar to small portion 
of an electronic organ. Article gives con~ 
struction details.—“Integrated Circuit Proj- 


ects,’ Motorola, Phoenix, Ariz., 1966, p 70— 
79, 


3 
COMMON 
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ORGAN TONE GENERATOR—Inexpensive, 
stable, and highly reliable cireuit covers six 
octaves, using basic triode master oscillator 
and five bistable neon oscillators as frequency 
dividers, each cutting previous frequency in 
half. Capacitive voltage divider in each 
stage prevents output tone from coupling 
back into previous stage and causing audible 
distortion, Values of unmarked resistors, 
which depend on leakage resistance of neon 
lamps, are not critical if type AO78 lamps 
are used, Output 5 is 523.3 Hz (C above 
middle C).—E. Bauman, “Applications of Neon 


Lamps and Gas Discharge Tubes,” Signalite, OUTPUTS —* {) 
Neptune, N.J., p 40—43 2093~3951~ = 1047-1975 ~ = $23.3-987.8~ 261.7—493.9~ 130.8-246.9~ 65.4 
' " CAPACITORS: DECIMALS IN MFD — INTEGRALS (#) IN MIF (23.5~ 


$300 V 


+110 V+ 
+ 1804 
Rg} Re | Rn Rs | Re 
Vo-rVy, = ZA1001 
— 
Rie 
V3 
Cig fs 1S20 
a 
Vi 
C25 -5 £26 
Cal 
Roe 29 | Rao Rov ] Raa 
FROM VIBRATO CONTROL 
fd i u 
TO KEYBOARD 
Note: cB ee i a 
Frequency 8372 7902 7459 7040 6645 6272 5920 SSBB 5274 4978 4699 4435. He 
Cy polystyrene 125 V B2 82 10 12 12 38 15 18 22 22 27 27 oF 
Cy polyester 125 V 2200 2200 2200 2200 2200 2200 2200 2200 2200 2200 2200 2200 pF ORGAN TONE GENERATOR-Circuit shown 
C3 polyester 400 V 18 18 418 2.2 22 22 27 27 27 33 3.3 3.3 oF (for C natural) is one of 12 master tone gen- 
Cy ceramic 350 0.68 0.68 0,82 0.82 082 10 10 12 12 12 1S LS oF erators in electronic organ for homes or small 
3 polyester pea so ico oa ace i ne pid ee oe fea ae ae a public rooms. All notes comprising six-octave 
polyester 400 v 3 4 470 47 P , ; 
cy polyester 400 V 0.82 0.82 0.82 082 10 40 10 10 12 12 12 12 nF range of instrument are aot by seh 
Cy polyester 400 V M8 18 LB 18 22 22 22 22 27 27 27 27 OF cold-cathode relaxation oscillators operating 
Cy polyester 400 Vv 39 39 39 3.9 47 4.7 4.7 47 56 56 5.6 5.6 oF in cascade as successive frequency dividers: 
Cyo polyester 400 V 82 82 82 82 10 0 10 10 12 12 12 12 oF Final stage, including V13 and V14, is omitted 
Cy, polyeater 400 V is = = =. (ee = ~ oF from tone generators for other notes. V1 is 
Cy, polyeater 125.V 18 18 418 22 22 22 27 27 27 33 33 33 oF half of ECC82 double-triode. Resistors are 
Cy3 polyester RSV 39 39 39 3.9 47 47 47 47 56 56 5.6 5.6 nF identical for all 12 tone generators except for 
Cy4 polyeater 125 Vv 82 82 82 82 10 10 10 10 12 12 12 12 oF RI1-RIT whose values must be selected for 
Cy5 polyester Rsv 18 18 «18 «= 1B 22 2B 227 727s Siigais’-andl Keaquctieg-aaidament:. cnet Fl 
Cyg polyeater 125 Vv 39 «89: 39 3947474747 86 S686 SG ! fa taiblecaléng swith 
Cyy polyester 125. 82 82 82 82 100 100 100 100 120 120 120 120 nF whose values are given in ta g : 
Cg polyester 125 V 1300 = ~ = = 2 Se PE? Thee See a - nF capacitor values. Values are: R2 47K; R3 22K; 
Cyg ceramic 350 V 10 10 10 10 10 10 10 10 10 10 10 «10 pF R4-R10 4.7 meg; R11-R17 1.8 to 22 meg; R18- 
Coq ceramic 350 V 10 10 10 10 6100 «©1000 «100 0, 101010 «10s pF R23 10 meg; R24, R25 4.7K; R26 15K; R27~ 
Cy, ceramic 380 V 10 10 10 10 10 10 10 10 10 10 10 10 pF R33 220K; L is 45 mH with core K30024 and 
Cyq ceramic 350'V 22 -22:2«22 aR 22ss2D_ss2s a D_ssD_ssaD_—s 2B -2D_ OP 850 turns wild-wound, tapped at 210 turns. 
3 ceramic 350. V a 47 47° «47,4747 47 49 42 T4747 # Report ‘alves-cainpléta: design’ ahd: canetraes 
e 350 V 10 a : , ¢ 
One aa: ey 10 10 10 10 {0 10 t0 10 10 10 $0 10 pF tion data for entire Scot Ge 
Cog ceramic 350 V 19 10 10 10 16 $0 10 16 10 10 10 10 pF with Cold-Cathode Tube requency Dividers, 
Coy ceramic 350 V 10 10 10 10 10 10 10 10 16 10 10 10 pF Philips, Pub. Dept., Eleoma Div., Eindhoven, 
Cog ceramic 350 ¥ 22 222«22s22 2222s s22_ssR_sds2Q_ss2D_s 22-22 PF The Netherlands, No. 122, 1966. 
Cyg ceramic 350 47° 470 «47 T4287 47 47 47 4747 ATF 
Cyq ceramic 350 V 100 - - - - - - - oo = = = «ip 


R, 22 222 27 «27 «27 «68383 9 89394747 
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RL 
360 
2 
2.3K 
RS 
2.9K 
29K §C SINGLE-OSCILLATOR ORGAN—Linear am- 
oie RIS plifier 1C-1 and eight switched-in resistors 
ame R1I5-R21 serve as oscillator for generating 
mG bid oni eight notes of diatonic scale—do, re, mi, fa, 
_ pe sol, la, ti, do, though not necessarily with 
oO # perfect tuning to international musical scale 
Rit unless resistor values are slightly changed. 
- bs Other three IC’s are J-K flip-flops that gen- 
RIA K) iq 452 erate suboctaves by exact frequency division. 
S508 * Ss Kye Ql is 6-Hz vibrato generator. Stop switches 
a8 <4 Bis Os $1-54, each providing different sound, are 
S808 ——~+ used singly or in combinations to provide 
0.~O as voicing. @2-Q3 serve as audio amplifier. 
face Jehan Ee Article gives construction details.—“Integrated 
e-8/4 Ai HER 68 Circuit Projects,” Motorola, Phoenix, Ariz., 
oo iz 
RaL Q2,Q3 - HEP 250 1966, p 32~45. 
1K 
o~O. 
TONE 
outeut 
si a —— | 
| 330K a3-ns 6820 
,Q3-Mt 
10.5 VI R4 R6 oz 


=. RT 
=") 20K 
= u 
= ee 
ioj. | 
este | 62 | 3 
céel+ 
200 R)  SR2 
22K>22K 
RS 
if 
ah 5K 
270 KSRil co 
yyy 10 
ct Ri4 
10 
0 + 1K 
INPUT 
MAGNETIC Oureur 
geRamic 100K AMPLIFIER 
1CK Ro O 
TWIN-T GLIDING-TONE—Used in experimental 
© 


musical instruments to provide shifts and 
glides at any intervals within 1,5-octave fre- 


quency ranges of multiplicity of twin-T oscil- 
TREMOLO FOR GUITAR—Q1 is 6-Hz phase- lators employed. Only part of circuit is 


shift oscillator acting on voltage amplifier Q2 shown, with values given for first oscillator 
to vary input signal strength and provide Ql. Article gives design details for achiev- 
added depth to any musical instrument using ing desired musical effects—F. B. Maynard, 
pickup.—W, R. Shippee, Simplified Tremolo, Twin T’s: Designs & Applications, Electronics 
Electronics World, Oct. 1966, p 89. World, Aug. 1968, p 35-37 and 64, 


ELECTRONIC MUSIC CIRCUITS 


BONGO-—Provides ringing function for sim- 
ulating musical instruments when R3 in basic 
twin-T oscillator is adjusted until circuit just 
becomes quiescent. If this is close to cutoff, 
duration of ringing can be up to 30 sine 
waves, Can be triggered by positive square 
waves or by touching indicated terminals. 
At around 100 Hz, effect sounds like bass 
drums. Middle frequencies simulate tom- 
toms and bongos. Above 1 kHz sounds of 
gongs, resonant wood blocks, and claves are 
generated. Can also be used for doorbells 
and signaling devices.—F. B. Maynard, Twin 
T's: Designs & Applications, Electronics 
World, Aug. 1968, p 35-37 and 64. 


Ic-t 
HEP -556 


ne 28 WATT ADI RESISTORS 
10u0e 20000 30002 


TOUCHING ANY OF THESE POINTS WITH 
THE FINGER WILL TRIGGER THE RING 


FUZZ BOX—Can be used with guitar or any 


other instrument whose musical output is 
amplified. Will change character of sound 
produced, to give variety of sounds not 
otherwise available from the instrument. Q2 
is biased almost to cutoff and therefore ampli- 
fies only half of input signal, 


R5 changes level p 91. 


trols amount of fuzz. 


OUTPUT 


of signal at input to Q2 and therefore con- 
Q3 is biased to clip top 
of signal input and further change character 
of sound. Circuit requires | V input.—"Hobby 
Circuits Manual,” RCA, Harrison, N.J., HM-90, 
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GUITAR—Uses two IC R-C oscillators, one 
tapped to provide notes over two-octave 
scale (250 to 1,100 Hz). Other gives fixed- 
frequency output around 12 Hz which may 
be turned on and off by SWI, adding a 
tapid string-plucking sound to instrument. 
Article gives construction details. Amplifier 
delivers 200 mW to speaker.—“‘Integrated Cir- 
cuit Projects,’ Motorola, Phoenix, Ariz., 1966, 
p 80, 


Ci = 0.01 microfarad, 25 volts or 
greater 
C.2C;C, = Smicrofarads, 15 volts, 
electrolytic 


Q:Q, = transistor, RCA $K3020 

Q, = transistor, RCA SK3005 

R;R2RaR7 = 100,000 ohms, 1/2 
watt, 10% 

R, = 3300 ohms, 1/2 watt, 10% 


Rs = potentiometer, 5000 ohms, lin- 
ear taper 

Re = 15,000 ohms, 1/2 watt, 10% 

Re Rio = 2700 ohms, 1/2 watt, 10% 

Ry = 47,000 ohms, 1/2 watt, 10% 

Ri = potentiometer, 10,000 ohms, 
linear taper 

S, = switch, double-pole, double- 
throw 
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UNMODULATED { 
AUDIO INPUT VOLUME 


CONTROL = 


HRN8318D 
<= 


RATE 
CONTROL 


MODULATED 


INPUT 


DEPTH 
CONTROL 


HRNB318D 


2.2K 


Dal 


PM SPKR 


AUDIO OUTPUT 
TO AMPLIFIER 


A-C METRONOME—Simulates pendulum-type 
used with pianos. R3 controls beat rate. 
T1 is Merit A-2900 universal output trans- 
former; 11 NE-2 pilet lamp; Cl 2; C2 20; 
C3 40; R1-R2 320K; R3 7.5 meg pot; R4 470. 
—R. M. Brown, “104 Simple One-Tube Proj- 
ects,” Tab Books, Blue Ridge Summit, Pa., 


Note: Insulote these// 


1969, p 119, 


TO 880 
440,220 
110,55 hz 


MULTIVIBRATORS a. 
109 


ALL TRANSISTORS: 2N2614 


—i2y 


BUZZ-FREE ORGAN—Addition of capacitor C4 
to mvbr and modification of Hartley oscillator 


.with RT and Cl eliminate buzzing sound 


created by fast flyback of sawtooth voltages 
in electronic organ. Redesign of circuit also 
adds richness to music, because all harmonies 


{760hz MULTIVIBRATOR 


ea 


4~8 HZ TREMOLO—Circuit modulates audio 
input from stringed electrical instrument by 
using first fet as phase-shift oscillator that 
controls resistance of second fet. Basic oscilla~ 
tion frequency is determined by setting of rate 
control pot. When depth contro! is in full 
clockwise position, output of subsonic oscilla~ 
tor is shorted to ~22.5 V power supply 
and linear resistance of second fet does not 
vary, so audio signal is unmodulated.—C. R. 
Perkins, “Application of MOSFET Devices to 
Electronic Circuits,” Hughes, Newport Beach, 
Cal., 1968, p 10. 


$179 AC 


controls to prevent ( 
shorting to chassi 


HARTLEY OSCILLATOR 


are generated along with each fundomental. 
Output of Hartley is stable enough to serve 
as syne signal along with organ mote.—R. F. 
Woody Jr., Potting Electronic Organs In Tune 
With Natural Sound, Electronics, June 24, 
1968, p 100-102. 
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SINE WAVE TONE OUT 


“SUSTAIN” EFFECT~Twin-T oscillator provides 
effect heard in pianos, bells, and string in- 
struments, in which tone decreases gradually 
in intensity. Article has nomogram for 
choosing twin-T component values to give 
desired frequency. Voltage stability is suffi- 
ciently good that maximum deviation from 
constant frequency cannot be detected by 
most persons. QI is Motorola MPS6521.— 
F. B. Maynard, Twin T’s: Designs & Applica~ 
tions, Electronics World, Aug. 1968, p. 35-37 
005 pF and 64, 


na HIGH HARMONIC TONE OUT 


$2 
Ri Q POWER 
4.7K 
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ORGAN MIXER-AMPLIFIER—Sawtooth input to 


Ql 
HEP 251 BL 
FET VIBRATO--Gives tremolo or other spacial 
effects to guitars, accordions, and reed-type 
electric chord organs. Connect high-imped- B2 
ance pickup or microphone to input jack JI, 
and connect output jack J2 to high-imped- “= BS 


ance input of any audio amplifier system. 
Twin-tee oscillator QI produces 6-Hz sine- 
wave output, adjustable by RII. Article 
gives construction and adjustment details.— 
“Field Effect Transistor Projects,” Motorola, 
Phoenix, Ariz., 1966, p 15~25. 


to Ry +12V 
TERMINAL 
No.7? 0 


TO 
TERMINAL O OUTPUT 


TO 
TERMINAL © 
No.3 


COMMON 
O 
COMMON 6 
NSS i 
MIXER AMPLIFIER 


fier stage. 


Output at terminals 4 and 5 may 


R3 and pulse input to RI from single-voice 
electronic organ are mixed to change char- 
acter of tone before feeding into audio ampli- 


be fed into hi-fi audio amplifier.—“Hobby 
Circuits Manual,” RCA, Harrison, N.J,, HM-90, 
p 107. 


1. GROUND 
= TO CHASSIS 


C: = 15 microfarads, 10 volts, elec- 
trolytic 

C, = 100 microfarads, 6 volts, elec- 
trolytic 

C, = 50 microfarads, 15 volts, elec- 
trolytic 


Q; = transistor, RCA SK3020 

Ri RsReRo = 100,000 ohms, 1/2 
watt, 10% 

R; = potentiometer, 5000 ohms, lin- 


ear taper 

Rs = 2.2 megohms, 1/2 watt, 10% 

R, = potentiometer, 250,000 ohms, 
linear taper 

Rr = potentiometer, 10,000 ohms, 
linear taper 

Re = 330,000 ohms, 1/2 watt, 10% 

Rio = 12,000 ohms, 1/2 watt, 10% 

Ri, = 3300 ohms, 1/2 watt, 10% 


CHAPTER 28 


Filter Circuits—Active 


E 2N335 
of Eour ut 
1oope # 
3-20 DB BANDWIDTH NOTCH FILTER—Adjust- 
ing values of 1 and R2 alters bandwidth 
without affecting notch attenuation. With 
1,375 ohms for both, notch bandwidth is much 
narrower than when RI is 310 ohms ond R2 
is 10K. Article gives response curves and 
phase characteristic for operating range of 
100 to 150 Hz,—H. £, Butler, Variable Band- 
width Fram a Notch Filter, Electronic Design, 
April 27, 1964, p 90. 
620pf 
0.0045 pf 
Ofpf 0,033 pf Bik 
O.01pf 0.0025 yf 20k 
240 
620 {3k 
3.3k 16k = 6.2k 
620 
3.3k 0.0125 pf 
6.2k 
onal ~{5y 
PHASE-LOCKED LOOP—Two-section active 70 dB down from d-c gain, 10-kHz second 


filter using opamps was developed for fre- 
quency synthesizer requiring d-c voltage gain 
of 15 V/V, 5-kHz reference frequency at least 
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(UNITY GAIN 
ADJUST) 


+2259 


OUTPUT 


Meg 


Lt 


0~) HZ ACTIVE FILTER—Low-pass filter with 
voltage gain to 2.5 has rolloff of 12 dB per 
decade of frequency and noise (referred to 
input) of only 15 “V per root cycle, as com- 
pared to 140 with ordinary low-noise tran- 
sistor.—T. F, Prosser, Field Effect Transistor 
Improves Low Pass Filter Action, “400 Ideas 
for Design Selected from Electronic Design,” 


Hayden Book Co., N.Y., 1964, p 15. 


harmonic 60 dB down, and all other harmonics 
at least 50 dB down. Phase shift at 1 kHz 
must be less than 50 deg. Article gives de- 


FILTER 
ATTENUATION (db) 


{ 
4 
ad 
2° 
ra 


404 405 
FREQUENCY (hz) 


sign equations.—B. Welling, Active Filters: 
The Op Amp Saves Time and Money, Elec- 
tronics, Feb. 3, 1969, p 82-90. 


FILTER CIRCUITS—ACTIVE 


NOISE AND RUMBLE 


Hz. 


London, 1969, p 138. 


SIGNAL 
INPUT 


INPUT 


ACTIVE TUNABLE BANDPASS—Uses pair of 
fet’s as tuning element to save money and 
space, Developed by Philco-Ford for speech 
bandwidth compression system needed by 
NASA to reduce transmission power for voice 
communication from Mars and deep space. 


FILTER—Noise 
switch gives choice of 16, 12, and 7 kHz for 
3-dB-down frequency response limits. 
quency limit of rumble filter is fixed at 45 
Voltage gain of filter is 0.95.—"Transis- 
tor Audio and Radio Circuits,” Mullard Ltd., 


Qa 
2N3565 


SU700 (PAIR) 


CONTROL 


FREQUENCY 
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60-HZ NOTCH FILTER—Uses FS-20 or equiva- 
lent IC active filter with unity-gain inverting 
opamp providing adjustable notch depth. 
Notch frequency may be changed with 10K 
pot.—G, J. Estep, New Applications for IC 
Active Filters, EEE, Oct. 1969, p 60-63. 


Vo 


+Vee 


Permits transmission of narrow band of en- 
coded information that can be converted into 


intelligible synthetic speech on earth. Filter 
frequency is linearly related to control voltage 
for 20:1 frequency range. Article covers de- 
sign of low, high, and bandpass filters using 


$a + +iBV 
ig) eareay 
PEL. PEL. PE 
or BCIO8 
| 
| 
filter | Or 8108 
Fre- | 
| oie 25 
| 
| Output 
L 


OPERATIONAL 
AMPLIFIER 
SUCH AS 
FAIRCHILD 709 


active filters with Q up to 100 for frequencies 
up to several hundred kHz. Bandpass version 
shown has overall gain of 2.—J. M. Loe, FET’s 
Call The Tune In Active Filter Design, Elec- 
tronics, Oct. 3, 1966, p 98~-101. 
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OPTOELECTRONIC CONTROL OF NOTCH Fil- 
TER—D-c control voltage applied to lamp of 
CK1102 Raysistor makes active notch filter 
track from 800 to 1,200 Hr. To make track- 
ing filter automatically follow applied signal 
frequency, in same range, use Schmitt trigger, 
differentiating circuit, and d-c amplifier to 
provide d-c control voltage of 0 to 1 V whose 
value varies with applied frequency.—Raysis- 
tor Optoelectronic Devices, Raytheon, Quincy, 
Mass., 1967, p 19. 


SCHMITT TRIGGER 


RAYSISTOR DRIVE 


DIFFERENTIATING 
CIRCUIT 


D.C. AMPLIFIER 


O0luf 


RF INPUT 


VARIABLE-BANDPASS FILTER—Fet in feedback 
loop of IC wideband amplifier acts as variable 
resistance that controls amount of feedback 
and thereby changes Q of tuned network. 
Will give @ values up to several thousand at 
frequencies up to 30 MHz. Useful in r-f and 
i-f stages.—-G. A. Vander Haagen, FET Varies 
Q of Tuned Circuit by Several Thousand, Efec- 
tronics, Sept. 29, 1969, p 95. 


O.01pF 


TIS 34 


(TEXAS INSTRUMENTS) 


CA 3002 or 
CA 3023 


OPTOELECTRONIC TRACKING FILTER CON- 
TROL—Converts input frequency in range of 
800 to 1,200 Hz to proportional d-c output 
voltage from 0 to 1 V for lamp of Raysistor 
in active notch filter providing automatic 
tracking in same frequency range.—Raysistor 
Opteelectronic Devices, Raytheon, Quinty, 
Mass., 1967, p 20. 


Vo 
4k 
FR OOH 
10k 
TUNING VOLTAGE PONTROLT 


0-150v 


FILTER CIRCUITS-—-ACTIVE 


1000pf 1000pt 


2M 


SHARPENING FILTER—Electronic switch and 
discriminator serve as frequency-sensitive 
means of sharpening slopes of filter response 
curve. Can be used to eliminate interference 
caused by overmodulation of f-m transmitter 
in subcarrier telemetry systems, Square-wave 
input from frequency-modulated subcarrier 
oscillator is converted to sine wave by LC 
input bandpass filter, amplified by QI, then 
converted to positive d-c voltage at point B, 
proportional to amplitude of signal voltage at 
point A. When input frequency goes beyond 
cutoff point of LC filter, voltage at B drops 


~24y 


HRN8318D 


OUTPUT 


and no longer holds CR1 open; resulting low- 
impedance path from base of Q2 to ground 
causes signal voltage to be dropped almost 
entirely across R2 to give electronic equiva- 
fent of narrower filter.—‘Selected Electronic 
Circuitry,” NASA SP-5046, 1966, Government 
Printing Office, Washington, D.C,, p 51. 


Vde 


+Vdow 


PULSE CONVERSION FILTER—Converts rectan- 
gular input signal to highly stable sine-wave 
output. QI applies amplified input signal to 
filter whose values are given for three differ- 
ent center frequencies. In each case, tuning 
of tank circuit to desired frequency is done 
by changing value of C3. Amplitude of 
sine-wave signal at output of Darlington 
emitter-follower Q2-Q3 varies with duty cycle 


Supplies —18 V de 
+12 V de 
ea, Q 2N1132 
Qa 2N1182 
Qs 2N1182 
CR, 1N695 
Zener CR, ss 
(—« Output Ry 1K 
. R, 5000 
R, 2202 
Cy 150 pF 
Cc 0.47 pF, 50 V de 
G 0.068 pF 
C. 0.068 pF 
Cc, 0.068 pF 


of rectangular input waveform; 50% duty 
cycle gives optimum operation. Circuit can 
provide coordinated timing signals for several 
locations.—“Selected Electronic — Circuitry,” 
NASA SP-5046, 1966, Government Printing 
Office, Washington, D.C., p 54. 
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8-HZ TWIN-T IN MOSFET AMPLIFIER—Filter 
network in negative feedback loop of two- 
stage mosfet amplifier gives bandpass with 
8-Hz center frequency. Output transistor 
provides additional gain and relatively low 
output impedance. Basic circuit can be 
adapted for detecting large number of dis- 
crete audio tones, for power analysis of audio 
spectrum, or for synthetic reconstruction of 
speech or music.—C. R. Perkins, “Application 
of MOSFET Devices to Electronic Circuits,“ 
Hughes, Newport Beach, Cal., 1968, p 15. 


Supplies +6 V de, -6 Vde 
a 2N336 
a 2N333 
CR, 1N1874 
CR, 1N629 
CR, 1N629 
R, 860K 
R, 68K 
R, 82k 
R, 5.6K 
Ry 8202 
Ry 9.1K 
R, 6.8K 
R, 39K 
Ry 16K 
C, 008 pF 
C; 093 pF 
Cy 1182F 
CG, 2.2 uF, 20 V de 
C. 1nF, 20°V de 
Ce 1yF, 20V de 
C, 1pF, 20 V de 
Ly 1H 
L, 1H 
1Ke 10 Ke 100 Ke 
Comp.) Filter Filter Filter 
R, | 68K 6.8K 8.9K 
R, | 22K 2.2K 8.2K 
R, | 22K -. 22K 39K 
R, | 12K 12K 3.9K 
R, | 39K 39K 24K 
Re | 10K aan =o 
C, |. 0.068 pF | 0.083 uF | 820pF 
(2) * ‘ 
L, | 025 8 mH 2.5 mH 
(2)* : 
*1 Ke Filter, Two Filter Stages. 
Ry Ry tee 
4, GG Ly =-G. 
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RECTIFIED 


cy 
HY. 


o25pf 


iSV ZENER 
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RIPPLE SUPPRESSION FOR HIGH-VOLTAGE 
SUPPLY—Capacitance multiplier circuit keeps 
anode voltage very low for high-voltage 
photomultiplier. Gives output of 2 kV at 2 
mA. Transistor type is not critical.—-G. P. 
Epstein, Photo-Multiplier Filter Adaptable Over 
Wide Range, Electronic Design, April 13, 1964, 


TWIN-T MOSFET—Fet pair acts as differential 
amplifier with extremely high input imped- 
ance. One side of differential amplifier is 
connected to twin-T filter to give notch filter 
at frequency determined by values used for 
R and C, Overall impedance of twin-T net- 
work should be above 100K for proper circuit 
operation.—C. R. Perkins, “Application of 
MOSFET Devices to Electronic Circuits,’ 
Hughes, Newport Beach, Cal., 1968, p 17. 


FUNCTION 
BYPASS 


TT OUT 
REJ, FILTER 


p 73. 


+Vs5 = +12V 


OUT 
FEEDBACK 
RANGE 


1.0 


MULTIPLIER, 


0.1 


Tos 


INDICATES 
SHORTING 
SWITCH 


RANGE 


0.04-10.99 HZ TUNABLE TWIN-T—Used in 
measuring transverse dHS effect in bismuth 
at liquid helium temperatures. Switching 
matched sets of fixed capacitors gives three 
ranges having minimum values of 0.04, 0.1, 


FREQUENCY 
Freq 


and 1 Hz. Multiplication by factors between 
1.0 and 10.99 in steps of 0.01 is achieved by 
varying elements of three equal resistance 
arms. Can be used in feedback line of 
opamp as pass filter or in input line as re~ 


MULTIPLIER 


jection filter. Article describes performance 
and gives details of measurement procedure. 
Opamp is Philbrick USA-3.—R. D. Brown Ill, 
New Methods for De Haas-Shubnikov Meas~ 
urements, 1BM Journal, Nov. 1966, p 462—471. 
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WWV_1-KHZ_ TICK-PASSING — FILTER—Diode 
and transistor form biased-base clipper in 
circuit that passes 1,000-Hz seconds-tick tone 
in time signals from WWV while rejecting 
440 and 600 Hz tones also transmitted, 


10K “TICK” OUTPUT 


Each tick consists of 5 ms of 1,000-Hz tone. TO AUDIO 
ie 1000 cps 

Undesired tones last longer than 5 ms and FILTERED AMPLIFIER 

create back bias on diode, so do not appear AUDIO INPUT 

in output.—T. E. Fay, Biased Base Clipper SOputd 


Isolates WWV Tick Tone, “400 Ideas for De- 
sign Selected from Electronic Design,“ Hayden 
Book Co., N.Y., 1964, p 137. 


NOTCH FILTER 
Ry Ry 


SHARP-BANDSTOP NOTCH FILTER—Notch fil- 
ter alone is useful at low frequencies when 
bulky inductors are undesirable. Addition of 
opamp in active network, with R3 adjusted 
to make amplifier unstable, gives simple os- 
cillator whose frequency corresponds to center 
frequency of filter (about 10 kHz). Article 


THREE-SECTION ALL-PASS—With 0.01 uF for 
C and 10K for R (1.67K for R/6}, time delay 


of filter is 100 zs. Article gives design equa- 
tions and examples of values for other time 
delays.—T. Mollinga, All-Pass Networks, EEE, 
Oct. 1966, p 84~88. 


gives design nomograph for notch filter.—P. 
V. Wanek, Nomograph Charts a Fast Way to 
Build a Notch Filter, Electronics, September 15, 
1969, p 119. 


FREQUENCY 
TRIM 0.7-20pt 


c 
al fot =240psec . 
“Wei 


Ew 


LW 


QUENCH or 


DUMP SIGNAL INTSSA 


Touy * ipsec 


359-KHZ ACTIVE BANDPASS—Gated Q mulfi- 
plier integrates, stores, filters, and analyzes 
audio tones that may be separated by as 
little as 80 Hz in phase-modulated communi- 


cation system. High-Q tank circuit provides 
loaded Q‘s greater than 3,000 for integration. 
Tones are sequentially analyzed by filter, with 
only the one tone that is tuned to the 359- 


kHz center frequency providing positive in- 
tegral during integration period.—R. J. Turner, 
Q-Multiplier Analyzes Audio-Frequency Tones, 
Flectronics, May 25, 1970, p 94. 
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DELCO Z2NI74 (4 IN PARALLEL} 


INPUT 


MFE 2{33 


{Ok OUTPUT 


Dt {Opt 
ae = 5 


INPUT OUTPUT 
plete BaMPRAK) {O00 Khz 
Svpee RIPPLE 10k PULSE SOURCE 
(MAX) 
120 CPS RIPPLE. 
2s sate —10v D;,02 ARE SILICON 
250:1 ELECTRONIC RIPPLE FILTER—Supple- FET CONTROLS R-C FILTER—Switching of fet 
ments conventional LC filter after thet has by pulse width modulated source varies cir+ 
reduced ripple to a value below 3V p-p, to cuit resistance, thereby controlling corner fre- 
reduce ripple electronically to Ysoth of that quency (frequency selectivity) of ReC filter. As 
et input. Uses paralleled transistors to dissi- duty factor of pulse source is varied from 1 
pate heat. Report gives theory of operation to 0 in circuit shown, effective resistance varies 
and design considerations.—Electronic Ripple from 10,000 ohms to infinity.—L. L. Hamilton, 
Filter, Delco Radio, Kokomo, Ind., No. 28, Pulse-Train Duty Factor Controls RC Filter, 
1965. Electronics, Aug. 4, 1969, p 93. 


IC ACTIVE LOW-PASS—Gives tronsfer func- 
tion of single-pole low-pass filter whose pole Fi ¢ 
location can be controlfed linearly by ex- 

ternal d-c voltage Vc. Can be used as adap- = 
tive audio filter or voltage-tunable low-pass 
network, Gives one full decade of control 

in audio frequency range by varying Vc be- 
tween 0.5 and 5 V.—E. Renschler and D. 
Weiss, Try the Monolithic Multiplier as a Ver- 
satile A-C Design Tool, Electronics, June 8, 
1970, p 100—105, Vo 


0.5 $Vo $5.0 Vee 
Vitmax} = ty PK 


i6k 


iz] 


5000pf 


DUAL-OPAMP ACTIVE FILTER—Use of dual IC 
operational amplifier as active filter takes 
advantage of isolation between amplifiers to 
simplify calculations for obtaining desired 


transfer function. Article gives design equa- 
tions. Compensating networks are added to 
both amplifiers to avoid instability with dif- 
ferent d-c gains. First-stage gain is unity and 


second is 10, so amplifier is compensated for 
gain of 10.—B, Welling, Active Filters: The 
Op Amp Saves Time and Money, Electronics, 
Feb. 3, 1969, p 82~90. 


FILTER CIRCUITS—ACTIVE 


UNITY GAIN—Basic circuit fulfills standard 
conditions for active very low frequency filter, 
wherein V2 = V1 and input current is zero. 
Zener diode V2 serves only for biasing.—J. L. 
Hogin, Active Filters, Electronics World, April 
1969, p 58-60. 


SINE WAVE QUTPUT 


WNPUT, ARY Fan 2 To 
AVE, 


WAVEFORM 


QI-MPS ES2i 


TWIN-T ACTIVE FILTER—Circuit is adjusted 
well into active region by choice of resistor 
values, to serve as active bandpass network. 
Useful for wave-shaping, as when producing 
flute or tibia voices from square waves in 
electronic organ, Bandpass is equivalent to 
about 1 octave of frequency. Article gives 
nomogram for selecting filter elements for any 
center frequency.—F. B. Maynard, Twin T's: 
Designs & Applications, Electronics World, 
Aug. 1968, p 35—37 and 64. 
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Q1 2N176 


UNFILTERED FILTERED 


INPUT 


ELECTRONIC FILTER—Filtering action is com- 
parable to that of 10,000-uF capacitor, re- 
ducing ripple in transistor power supply d-c 
output of 25 V to only a few millivolts. Cur- 
rent rating is 0.5 A.—d. P. Shields, “Novel 
Electronic Circuits,” H. W. Sams & Co., In- 
dianapolis, Ind,, 1968, p 8. 


Rp 


IC BANDPASS FILTER—Fairchild 4A709 opamp 
provides both gain and frequency selectivity 
without use of inductors. Rx varies Q of cir~ 
cuit independently of center frequency deter- 
mined by values of R-C inductor-synthesizing 
feedback elements, Filter is useful for f-m 
recording in range from 1 to 1,000 Hz and 
other applications where bulk and weight of 
inductor would create problems. For Q of 
20, voltage gain is 7. Article gives transfer 
function equation.—J. F. Gifford and M. Mark- 
kula, Linear IC’s: Part 5, Ins and Outs of Op 
Amps, Electronics, Nov. 27, 1967, p 84-93. 


ACTIVE ADJUSTABLE BANDPASS—Requires 
only low-cost opamp and five discrete com+ 
ponents. Values of Re from 1,100 to 406 
ohms give center frequency range of 1.6 to 
2.4 kHz, without changing gain of 26 dB or 
bandwidth of 260 Hz for 3 dB down. Article 
gives procedure for designing filter for other 
parameters,—L. Robinson, Active Bandpass 
Filter with Adjustable Center Frequency and 
Constant Bandwith, EEE, Feb. 1968, p 124. 


5716-BPIR 
-5600 

Band-Pass 

Filter 


4032/12 


Comperator 
Threshold Adjust 


TONE SIGNALING SYSTEM—Uses Burr-Brown 
active bandpass filter module to detect and 
indicate presence of 560-Hz signal tone at 
0.1 V rms. Precision rectifier with gain of 
10 and time constant of 0,1 s converts de- 
sired a-c signal into d-c signal for compari- 
son with reference voltage. Relay or lamp 
is actuated whenever d-c signal exceeds pre- 
set input threshold.—Burr-Brown Computer 
Designed Active Filters, Burr-Brown Research, 
PDS-203A, 1968, p 10, 
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SHARP CUTOFF—Three identical RC networks 
and three inexpensive unity-gain transistors 
serve as sharp-cutof low-frequency filter 
whose response can be shifted over wide 
range by adjusting ganged resistors R. Plot 
of output voltage vs frequency is third-order 
Butterworth curve, maximally flat with 18- 
dB-per-octave rolloff after cutoff frequency 
determined by values of R and C.—P. Bild- 
stein, Third-Order Active Filter Uses Three 
Transistors, Electronics, Oct. 14, 1968, p 122. 


ca Men 


OPTIMUM ACTIVE FILTER—!IC version, 
sented as example of detailed design pro- 


INPUT 


FET-SWITCHED NOTCH FILTER—Notch  fre- 
quency of Twin-T filter is adjustable from 30 
to B00 Hz by changing frequency of 2.5-us 
input pulses from 10 to 200 kHz. Change in 
duty cycle of input pulses changes effective 
resistance of fet switches in resistive arms of 
filter~5, Summerhill, Electronically Tuned 
Notch Filter uses FET as a Resistor, Electronic 
Design, March 15, 1970, p 212 and 214. 


~15y 
DELCO 2NI74 (2 IN PARALLEL } 
pas ouTPuT 
31.25 VoS 
SAMP (MAK) 28 VOC 
3V PP RIPPLE (MAXy ik) 5 AMP 
WOCPS RIPPLE aw 
PO00MF) 
SOVOG 
+o —O +b 


60:1 ELECTRONIC RIPPLE FILTER—If conven- 
tional LC filter has reduced power supply 
ripple below 3 V p-p, this simple electronic 
filter will reduce this residual ripple to oth 
of its value. Thus, if power supply has 60- 
mV p-p ripple initially, ripple at output of 
electronic filter will be only about 1 mV p-p. 
Report covers theory and design.—Electronic 
Ripple Filter, Deleo Radio, Kokomo, Ind., Ne. 
28, 1965. 


OUTPUT 


c2 
ai 


INPUT 


pree through 40 kHz, with any Q up to about 


2,000, with no tendency to oscillate. 


Fre- 20-MHZ BANDWIDTH—IC uses super-gain 


cedures given for 24 different active filter 
designs, uses biasing arrangement that mini- 
mizes sensitivity to thermal and supply volt- 
age variations. Can be tuned from d«c 


quency response curve corresponds to that of 
ideal R-l-C- filter—J. W. Mullaney, Active Fil- 
ters: Part Il—Varying the Approach, Electronics, 
July 21, 1969, p 86—93. 


transistors in follower requiring 10-nA bias 
current and giving 30-us slew.—Bandpass 
Filter (National Semiconductor ad), Electronic 
News, June 8, 1970, p 11. 
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iSOnF 10KkQ 15OnF 10k0 
<. 
7K ss uy : 
COMBINATION LOW-PASS HIGH-PASS AUDIO Te i sila) “a 
S 


FILTER—High-pass selector switch (for capaci- ‘S 
tors) gives choice of 11, 9, 4.5, and 3.2 kHz rand 47k: S82 ° 
for cutoff frequency. Low-pass switch (for | 3 
divider resistors) gives choice of 40, 80, 160, | 
and 720 Hz for lower cutoff frequency. 
Unity-gain buffer in series with RC networks | 
prevents interaction between filters.—"Transis- | 
tor Audio and Radio Circuits,” Mullard Ltd., | 
London, 1969, p 136. | 
| 
| 


22k 


¥ Low pass 


*~ "Tigh 


FREQUENCY 
METER 


VOLTAGE — FILTER 
CONTROLLED UNDER TEST 
OSCILLATOR (LOW PASS) 


cr 


I 
| 
| 
| 
| 
| 
| 
I 
i 


~~ eee ee ee MEASURING FILTER CUTOFF—Three NEXUS 
SQ-10A integrated circuits are connected as 
shown to standard vco and frequency meter, 
for automatically and quickly measuring cut- 
off value of a low-pass filter. When differ- 
ence between output and input levels of filter 
falls off to a specified value (usually 3 dB), 
frequency of vco equals cutoff value of filter 
and is measured with meter. To test high- 
pass filters, positive and negative detectors 
are reversed. All diodes are IN459A.—J. M. 
L_INTEGRATOR 4 Kasson, Voltage-Tuned Oscillator Measures 

San mae Filter Cutoff, Electronics, June 26, 1967, p 110. 
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240 


Cy 


0,01 pt 
NEGATIVE BIAS SUPPLY—Provides —24 V 
for transistor more economically than by 
placing extra transformer winding and cir- 
cuitry in regular power supply. First three 
gates in IC quad NAND gate are connected in 
loop to form astable mvbr that oscillates at 


about 33 MHz. Fourth gate applies resulting 
square wave to capacitor-diode circuits for 
filtering and rectification. —J. Kotas, IC Os- 
cillation Sets Up a Mini-Sized Bias Supply, 
Electronics, July 6, 1970, p 76. 


TO: 
75-OHM CABLE 
BEING EQUALIZED 

(FEMALE) 
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PULL-UP RESISTOR 
FOR HIGHER NEGATIVE 
VOLTAGES 


IN4153 


Dy 
IN4153 


Ce Ri 


TO SENDER OR RECEIVER 
(RESISTANCE > 10K OHMS 
CAPACITANCE<l00 pf) 


(MALE) 


TO LINE 


Li, 2 = 20TURNS 
#16 ENAMEL WIRE 


3/8" DIA. 
\ 
ee Sere a 
Te 
= GROUND 
POWER-LINE INTERFERENCE FILTER—Used in 


a-c line to tv or radio receiver to suppress 
interference traveling over power line from 
nearby fluorescent lamp, electronic mixer, neon 
sign, or other source of rfi. Metal housing 
of filter should be grounded. For tv set, 
wind coils with No, 14 enamel wire. Use 
fine cord at line side, and outlet for set.—J. 
P. Shields, “Novel Electronic Circuits,” H. W. 
Sams & Co., Indianapolis, Ind., 1968, p 59. 


52.5mh 


~~ 


O388pf 


Esin wt+8 


0388p: 


220mh 


RESOLVER! 


75-OHM COAX EQUALIZER—Passive filter net- 
work compensates for amplitude attenuation 
and phase retardation at video frequencies 
in four different lengths of cable. When used 
at both ends, provides 5 dB gain at 5 kHz and 
slight loss below 200 kHz. If used only at 
one end, other end must be terminated in re- 
sistance within 25% of 75-ohm nominal cable 
impedance.~A, H. Turner, Equalizer for 75- 
Ohm Cables Reduces Phase Retardation, Elec- 
tronic Design, March 30, 1964, p 71. 


90° SEPARATED IN 
PHASE 


Je sinwt+ @+90° 


PHASE SPLITTER—Combines simple unipole all-~ 
pass network with duopole filter to give out- 
puts separated by 90 deg, operating from 1 
to 3 kHz, with tolerance of 5 deg. Article 
gives design equations for each type of filter 
and procedures for combining them for use 
with two-phase resolvers, single-sideband 
systems, and phase modulation applications. 
—C. C. Routh, All-Pass Filters Accurately Split 
the Phase, Electronic Design, Jan. 18, 1965, p 
38-43, 
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FILTER 


O-10V 
AC 


20KV 


AMPLIFIER 


SUPPRESSING 60-HZ PICKUP—Simple LC filter 
improves performance of sensitive d-c am- 
plifiers for microvolt d-c signals in the pres- 
ence of 60-Hz power-line pickup up to 10 V. 
~R. L. Nuttall and D. C. Ginnings, Is 60-Cycle 
Pickup Degrading the Performance of your 
Electronic Design, 


DC Amplifiers? 
1965, p 34-35. 


Dec. 20, 


SUPPRESSING SCR AND TRIAC RFl—Singie L-C 
low-pass filter having resonant frequency of 
50 kHz gives about 40 dB of noise suppres« 
sion at law end of broadcast band, for sup- 
pressing conducted rfi generated each time 
triac T2 (or ser) fires in resistive circuit such 
as lamp dimmer. At each firing, occurring 
120 times per second with full-wave phase 
control, load current jumps from zero in frac- 
tion of microsecond and generates almost 
infinite spectrum of energy. For loads be- 
tween 150 and 1,000 W, L can be 100 “H and 
C 0.1 uF.—J. H. Galloway, RF Filter Consid- 
erations for Triac and SCR Circuits, General 
Electric, Syracuse, N.Y., No. 201.19, 1966. 


100 phy 


DAMPED R-F FILTER—Suppresses broadcast- 
band conducted rfi created by step-function 
action of triac. Upper resistor and capacitor 
provide damping required for proper opera- 
tion under light load conditions, as for 60-W 
lamp dimmer.—"SCR Manual,” 4th Edition, 
General Electric, 1967, p 334-335. 


0.7741 
(0.1232uF) 


0.7511 
(0.1195pF) 


(ao) 


HIGH-PASS RLC—Provides attenuation of 52 
dB below 245 Hz and only 0.044 dB above 
500 Hz when inserted between voltage gen- 
erator and 2,000-chm resistance. Article 


1185S 6540 


241 
3.873 
(0.6164 pF) 
jie 
1(20009) 
(a1) 
gives design procedure.—P. Allemandou, 


Transfer Functions of RLC Filters, IEEE Trans- 
actions on Circuit Theory, Dec, 1968, p 483— 
485. 


5822 9653 


NINTH-ORDER LOW-PASS—When predistorted 
for average dissipation factor of 0.005, pass- 
band loss varies between 5.23 and 5.5 dB over 
passband of 0 to 1.0 frequencies.—W. N. 


1387 


4Al2 


2.339 | 51.97 


Tuttle, Simplified Procedures for Approxima- 
tion and Predistortion in Filter Synthesis by 
Digital Computer, IEEE Transactions on Circuit 
Theory, Dec. 1968, p 488~492. 
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2.378 


COMPUTER-DESIGNED BANDPASS—Values 
shown are for sixth-order symmetrical band- 
pass filter predistorted for average dissipa- 
tion factor of 0.02. Attenuation is 7.45 dB 
for bandwidth of 10% above and 9% below 


oS (2) 
2009. 
25 W 
120 VAC 
385VDC 
THYRECTOR G-E INI697 + 
GE-xl4 (2) 


SILICON RECTIFIERS FOR TUBES—Gives proce- 
dures for substituting silicon rectifiers for 
vacuum, gas, or mercury rectifier tube, Ar- 
rangement shown is for 5U4GB, Only other 
change is addition of thyrector across primary 
to absorb line transients. Silicon rectifiers 


G-E INI697 


center frequency.~W. WN. Tuttle, Simplified 
Procedures for Approximation and Predistor- 
tion in Filter Synthesis by Digital Computer, 
IEEE Transactions on Circuit Theory, Dec. 1968, 
p 488—492. 


+ 
‘Tso Tost Tsout 


will give about 10% higher output voltage, 
which is usually not objectionable. To re- 
duce supply voltage, place resistor (around 
200 ohms at 25 W) in series with each pair 
of rectifiers.—“Hobby Manual,” General Elec- 
tric, Owensboro, Ky., 1965, p 192. 
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50c¢ ’s rectitier 


WoT 
16Vems nominal 


10-MHZ CRYSTAL FILTER—Design is based on 
left-half-plane reflection zeros, with hybrid 
transformers at each end for impedance trans- 


t0Omh 


0633 pf 


.0633 pf 


100mh 


INPUT 
E sin wt 
(I-100 KC) 


100mh 


6333 pet 


6333uuF 


10Omh 


CASCADED PHASE-SPLITTER—Wideband oper- 
ation from 1 to 100 kHz is obtained by cas- 


cading all-pass filters in both channels. 
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10-MHZ = FIVE-CRYSTAL NARROW-BAND— 
Bandwidth for 3 dB down is 20 kHz, using 
AT-cut crystals and autotransformers having 
10-uH inductance, Q of 150, and unity cou~ 
pling. Article gives design equations for 
Chebyshev-type response and 1-dB passband 
ripple.—D. §, Humpherys, Network Synthesis 
of Narrow-Band Crystal Filters, Electro-Tech- 
nology, Nov. 1965, p 36—43. 


ZENER REPLACES CAPACITOR—Use of zener in 
place of output capacitor in smoothing filter 
gives smoothing comparable to that of 1,000- 
uF capacitor. Load current may vary from 0 
to 300 mA.—Zener Diodes and Their Applica- 
tions, Philips, Pub. Dept., Eleoma Div., Eind- 


modulation 


hoven, The Netherlands, No. 17, 1966. 


xy 310.8 


formations. 
down, using AT-cut crystals and autotrans- 


Bandwidth is 20 kHz for 3 dB 


formers having 10-uH inductance.—D. 5S. 


tomh 


1Omh 


fy=6.32KC 


Outputs are separated by 90 deg, as required 
for use with resolvers, ssb systems, and phase 


systems. Article gives design 


S333 upt 


6333 LHF 


Humpherys, Network Synthesis of Narrow~ 
Band Crystal Filters, Electro-Technology, Nov. 
1965, p 36-43. 


Esin wt+9 


126 


TWO-PHASE 
OUTPUT 


Esin wt +9 
+90° 


397 


equations, phase response graphs, and logical 
design procedures.—C, C. Routh, All-Pass Fil- 


ters Accurately Split the Phase, Electronic 
Design, Jan, 18, 1965, p 38-43. 
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a 
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ALL DIODES = 1N1763 transformer T1 (not shown) connects to a-c 
FIVE D-C OUTPUTS WITH ONE CHOKE— line, and secondary windings T1 supply re- 
Weight-reducing design requires only one quired a-c voltages for the five choke-input 
multiple-winding choke. Primary winding of _ rectifier sections, Article gives detailed pro- 
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+ 
50-150 


+120v; 420 ma 


+ 
100-150 SECTION 3 


| 
| 


+ 
16-450 SECTION 4 


COMMON 


-300v¥; 2mao— 


01-600 SECTION 5 


-800 v; 0.1 ma 


cedures for calculating and winding sections 
of choke to give desired d-c output voltages 
and current.—A, G, Lloyd, Choking Up On LC 
Filters, Electronics, Aug. 21, 1967, p 93-97. 


NOTE: To locate additional circuits in the category of this chapter, use the index at the back 
of this book. Check also the author's “Sourcebook of Electronic Circuits,” published by 


McGraw-Hill in 1968. 


CHAPTER 30 
Flash Circuits 


* PHOTOCELL-CONTROLLED FLASH—Can be used 
as target for light gun, to give flash each 
time light-source gun is accurately aimed, 

steady 

Sensitivity control should be adjusted until 

flashing justs stops when not illuminated by 

desired light source.—“Hobby Manual,” Gen- 

eral Electric, Owensboro, Ky., 1965, p 78. 


Will flash continuously for 


TRIGGER CIRCUIT 


+ 400-1000 1OK 
voc 


EXTERNAL TRIGGERING OF WATER-COOLED 
FLASHTUBE—Application of 20 to 30 V dc to 
trigger circuit using Krytron four-element gas- 
filled cold-cathode switch tube generates 10- 
us pulse at 5,000 V d-c and 2,500 A peak 
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R, G10 CHMS 2w 


300 VDC 


SOURCE et 


LASCR SLAVE FLASH—Developed for multiple: 
light-source high-speed photography. Uses 
standard flash gun, modified to use lascr in 


place of camera contacts or trip switch. 
Response is few ms, giving perfect syne be~ 
tween master and slave. for high ambient 
light levels that could trip lascr, 1-H choke 
Li is added to serve as low impedance to 
ambient light but high impedance to flash.— 
E. K, Howell, The Light Activated SCR, Gen- 
eral Electric, Syracuse, N.Y., No. 200.34, 1965. 


light. 


WATERCOOLED 


FLASHTUBE 

“| MULTISECTION PULSE 
| 
| 


FORMING NETWORK 


DC HIGH 
VOLTAGE 
POWER 
SUPPLY 


Lg=INDUCTANCE PER SECTION 
C,= CAPACITANCE PER SECTION 

Ly= TOTAL INDUCTANCE OF NETWORK 
a Cy= TOTAL CAPACITANCE OF NETWORK 


1.8 to 3. kV d-c depending on flashtube. Can 


current (for KN-4} for primary of trigger trans- 
former, to trigger water-cooled flashtube by 
applying 25 to 30 kV to external electrode. 
Qperating voltage of flashtube, applied 
through pulse-forming network, ranges from 


be used for optical pumping of high-energy 
lasers, photography, and other applications 
requiring high-energy sources,—Linear Water- 
Cooled Xenon Flashtubes, EG&G, Boston, 
Mass., No, 1004, 1968. 
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PWR TRANS DI 
HIGH Tl 


“aC FLASHTUBE SUPPLY—Circuit is typical of 
most small and low-cost electronic photoflash 
units, in which shutter of camera closes firing 

a7ev [ive , or triggering circuit that discharges capacitor 

through step-up transformer to produce single 
high-voltage pulse that ignites flashtube. 

One serious drawback is that discharge of C4 

‘may soon burn cut shutter contacts and give 

user harmless but unpleasant shock that may 

cause him to drop expensive camera.—L, E. 

Greenlee, SCR Trigger for Your Photoflash, 

Radio-Electronics, Nov. 1965, p 40~41. 


FLASH TUBE Y 
FA~I04, ETC 


R3 
SHUTTER 3 MI 
CONNECTION a Sales 


% a 
R4 


NI7VAG 2702 OW 


40! 


Ti -SYLVANIA R4307 


LOW-COST STROBE—Uses ujt relaxation oscil- 
lator as clock for driving high-voltage trigger 
and xenon flashtube discharge circuit, with 
conventional 300-V voltage-doubling power 
supply, Switch $1 gives choice of three flash 
ranges: 2-12 Hz, 8-60 Hz, and 4-300 Hz. R7 


OFF 


x Low ME HI 


adjusts flash rate within each range. Ba 
Article gives construction details, calibration yer _ INPUT 
procedure, and suggestions for use.—S. Ten- K W 
nen, Pennypincher’s Stroboscope, Elementary 
Electronics, Mar.—Apr. 1970, p 29-33 and 99. ay 
Do NOT 
GROUND 
CD14 UNIT 
eg 
Ss) 
50-JOULE FLASH—Gives 120 flashes from 0,5 
A-hr 12-V rechargeable nickel-cadmium bat- 
tery. Capacitor charging time varies from B 
s for fully charged battery to 16 s after 120 
flashes, Battery drives two-transistor inverter 
operating at about 1.5 kHz, with oscillation Closing camera flash contacts $2 discharges Kodachrome ff. Report gives design equa- 
accomplished by saturating transformer. 0.25-uF capacitor through pulse transformer, tions and transformer winding data.—A 50- 
Secondary voltage is rectified for charging and resulting high-voltage pulse makes CD14 Joule Photographic Flash Unit Using Silicon 
600-uF capacitor to about 400 V. Neon then flash unit turn on so large capacitor dis- Transistors, Ferranti Ltd., Oldham, Lancs., 


glows to indicate that unit is ready far use. charges through it. Guide number is 40 for England, No. 21, 1965, 
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100 mH 
RFC 


CR, THRU CRs 


FLASH-ACTUATED SWITCH—Random flash of 
light fires laser, turning on load. C¥ and C2 
then begin discharging. Setting of R3 deter- 
mines how long flash-actuated switch remains 
on. Switch can turn on at any phase angle, 
but will turn off only at current zero, so rfi is 
negligible.—L. M. Hertz, Solid State Lamps— 
Part H, General Electric, Cleveland, Ohio, No. 
3-0121, 1970, p 19. 


120V 60Hz 


INPUT TO STROBE 
FLASH UNIT 


MANUAL 


STROBELIGHT SLAVE—Serves as switch for 
triggering additional electronic strobe without 
using interconnecting wires. Unaffected by 
ambient light. Will trigger reliably up to 
about 20 ft from master strobe, Range can 
be increased by using lens or parabolic re- 
flector to concentrate light on phototransistor. 
—Semiconductor Power Circuits Handbook,” 
Motorola, Phoenix, Ariz., 1968, p 6~42. 


LOAD UP 
TO 
25 WATTS 


4 capacitors, 
each 250 uF, 250 V de 
Sprague type 6010 
D45495 


2.5-m 
rubber-covered 
cabie 


PM6PLS PM6H 
with hood 


Flash 
lamp 
EG&G 
FX-113C-1 
View from 
pin side 
— ,PM6PLR 3 resistors, 
On each 2kQ, 25 W 
re) eee 
By 
Braun Off a oBs 
power 
plug 
to Braun 
F-800 
3.6 MQ 
Winchester 308 Ww 
connectors 
PMESLS with 
PM6H hood 
Neon lamp 
Leecratt 
No. 2300 + 
| 2 X 0.047! Zener 
pF 


—500 V 


tL Santos 
THREE-LAMP STROBE FOR COLOR~—Provides 
65-4s flashes, as required for photographing 
wing tips of hummingbirds in color without 
blur. Circuit is powered by Braun F800 unit. 


Stored energy is 31 joules per lamp, with 
light output of 1,500 beam candela seconds 


= 


3 capacitors, 
each 0.5 uF, 
400 V 


Winchester 
connectors 


PM6SLRN 
ce of three) 


per lamp with 28-deg spread.—H. £. Edger- 
ton, V. E. MacRoberts, and M. Khanna, Im- 
provements in Electronics for Nature Photog~ 
raphy, IEEE Spectrum, duly 1969, p 89-94. 
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R (LIMITING RESISTOR} 


FK=-41 
FLASHTUBE 


c 


oC = (MAIN 
SUPPLY => DISCHARGE 
CAPACITOR ) 


Cp=20.i-0.25 pt 


J . 
200-300 


VOLTS DC 
INPUT 


TIME MARKS ON FILM—Miniature xenon flash- 
tube produces 3.5-us flash for exposing pho- 
tographic paper or film, Can be externally 
triggered, or self-flashed by applying voltage 
above 2 kV across main electrode, D-¢ sup- 
ply is 1,400 V and capacitor is 0.5 uF.—FX-41 
Miniature Xenon Flashtube, EG&G, Boston, 

Mass., No. 1007-1, 1968. — TRIGGER CIRCUIT 


EG&G 
TR-132A 


MEASURING FLASH ENERGY—With S2 open, 
Philips DOA42 IC opamp at left measures 
photocell current in four ranges, keeping volt- 
age across photocell lower than a few milli- 
volts so relationship between current flow and 
light intensity is linear. To measure total 
light energy, as from flash lamps, $2 is closed 
and S3 open, for integrating output of first 
amplifier. Supply voltages are 1-15 and 
~—15 V.—J. Ph. Korthals Altes, Measurement 
of Light Intensity, Philips, Pub. Dept., Elcoma 
Div., Eindhoven, The Netherlands, No. 85. 


20k 


ov 


photo 
emissive 


ov 


HEP200 
f Ql, 


R2 
foon 


STROBOSCOPE—Audio oscillator QI generates 
variable-frequency output whose frequency is 
determined by settings of R1 and R2. T1 is 
power transformer used in reverse, with 6.3-V 
secondary in oscillator circuit, so step-up ratio 
of oscillator output is about 18.5:1, Diodes 
rectify stepped-up voltage to charge Cl to ar 
Point where it fires Strobotron VI. Article 
gives construction details. Used for studying 


TIMING DURATION OF LIGHT PULSES—Uses pulse widths is 1 us to 1s. Values are: Cl 


rotating objects, by adjusting flash rate until 
motion appears to be stopped.—S. Daniels, 
Stop Light Stroboscope, Science and Electron- 
ics, Jan. 1970, p 37-39. 


1400 npn planar silicon photocell for sens- 
ing flash of light. Duration of flash in sec- 
onds is equal to one-tenth of reading of vtvm 
MI in volts, Range of measurable light 


100 uF Mylar; R1 4.7K; R2 1K; R3 1.5K; R4 
3.6K; R5 500.—Preferred Semiconductors and 
Components, Texas Instruments, Dallas, Texas, 
CC101, 1968, p 27402. 


248 


R, 810 OHMS 2w 


ELECTRONIC CIRCUITS 


300 VDC 
SOURCE 


——__~ 


LASCR SLAVE FLASH—With $1 closed, CT 
charges to 300 V and C2 charges to 200 V. 
When master flashgun is fired by contacts on 
camera, its light output triggers light-acti- 
vated ser, which then discharges C2 into 
primary of T1 to trigger slave and discharge 
Cl, Resonant action between C2 and TI 


SCR-TRIGGERED PHOTOFLASH—Improved cir- 
cuit uses scr to give more reliable triggering 
of flashtube without discharging C4 through 
shutter contacts. Maximum current through 
contacts is less than 1 mA, which practically 
eliminates pitting. Voltmeter indicates actual 
voltage across storage capacitors with far 
greater accuracy than neon ftasher, Article 
gives construction details.—L. E. Greenlee, SCR 
Trigger for Your Photoflash, Radio-Electronics, 
Nov. 1965, p 40—41, 


IN4725 


+12¥ dec 


reverse-biases lascr for positive turnoff, Re- 
sponse time is few microsec, giving perfect 
master-slave syne. Choke LI prevents trig- 
gering by high ambient light.~“SCR Man- 
val,” 4th Edition, General Electric, 1967, p 
299-300. 


7509 2 
PWR TRAN: V@ 
ae 5 Di D2 RI47002W 


MANUAL 


IN4451 


2yF UST 
2N2647 


56k 


LIGHT-TRIGGERED ONE-SHOT—Ujt triggers 
about 0.6 s after pulse of light turns on type 
L8F laser. If pulse of light is then ended, 
lascr turns off, ff light is still on, ujt oper- 
ates as relaxation oscillator but will turn 
laser off the first time it fires after light is 
removed. High resistance of dark laser then 
prevents ujt from oscillating.—“SCR Manual,” 
4th Edition, General Electric, 1967, p 297. 


FLASH TUBE FA-104, ETC. 


H?VAC 


REGULATING PHOTOFLASH SUPPLY—Tronsis- 
tor and relay keep electrolytic capacitor volt- 
age at correct charging level of 300 V, to 
prevent overcharging that shortens capacitor 
life. When voltage drops to about 290 V, re- 
lay drops out and charging starts again.—T. 
Lamb, Transistor and Relay Regulate High 
Voltages, Electronics, July 22, 1968, p 70. 


LOAD 


56K 


FLASH-DURATION SENSOR—With no light, ses 
conducts. When flash of light turns on lascr, 
ses goes off and 4-uF capacitor is charged. 
After about 0.6 s, scs turns on, If lascr is 


FLASH CIRCUITS 249 


SIMPLE SCR PHOTOFLASH—Closing $1 dis- 
charges C2 through primary of trigger trans- 
former when scr fires, to produce required 
high voltage across secondary for firing pho- 
tographic flashtube.—flectronic  Photoflash, 
Popular Electronics, April 1970, p 92. 


SITVAC 


+2000 te +4000¥ 


now dark, it goes off, I flash lasts longer Trigger THYRATRON TRIGGER--2D21 thyratron trig- 
than 0.6 s, lascr remains in conducting state. En gers EG&G flashtube when input trigger is 
—SCR Manual,” 4th Edition, General Electric, applied to control grid. 20-meg resistor in 
1967, p 298. power supply lead ensures that both flashtube 
and thyratron are cut off after firing.—D, N. 
Mia tees Bailey and D. M. Hercules, Flash Photolysis—A 
Technique for Studying Fast Reactions, Journal 
of Chemical Education, Feb. 1965. 
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WIDE-RANGE PORTABLE STROBE—Switch gives 
choice of five repetition rates per second: 1—5, 
3-15, 10-50, 30--150, 150-500. Draws maxi- 
mum of 1.5 A from 12-V battery. Timing 
circuit VT1I-VT4 drives flash tube trigger VTS 


winding data for all transformers.—A Wide 
Range Stroboscope Using Silicon Transistors, 
Ferranti Ltd., Oldham, Lancs., England, No. 27, 
1964, 


which produces 4-kV pulse at transformer sec- 
ondary. Blocking oscillator VT! also drives 
VT6 for switching off inverter VT7-VT8, to pre- 
vent self-retriggering of fiash tube before gas 
deionizes on fastest range. Report gives 


CHAPTER 31 
Flasher Circuits 


MULTIVIBRATOR LAMP AMPLIFIER $s 


ONCE-PER-SECOND FLASHER—Will handle 
lamps up to 1 A at 12 V. ideal for port- 
able use. Lamp flashes at frequency of mvbr 
using pair of 2N217 transistors. Values: C1 
25 uF; C2 100 uF; lamp 12 V at 1 A; RI, 
R4 2K; R2, RB 100K; R5 120.—Trensistor 
Manual,” RCA, Harrison, N.J., SC-13, p 535. 


MOSFET FLASHER—Combination of npn tran- 
sistor and p-channel mosfet gives extremely 
long duty cycles for flasher, reducing average 
power dissipation and increasing battery life. 
Time constant is determined by Cl, RI, and 
R3, 1 common junction of these three timing 
components is connected to photocell, flasher 
will operate only when photocell is dark,— 
C. R. Perkins, “Application of MOSFET Devices 
to Electronic Circuits,” Hughes, Newport Beach, 
Cal, 1968, p 45. 


ov 
= or 
12V 


Q4 
2N4398 


FREE-RUNNING 
MULTIVIBRATOR 


} QUAD GATE 
i MC-857P 


14734 
sav 


en eae 


LONG-LIFE FLASHER—Circuit senses load cur- Circuit automatically resets when defects are 1 s.—R. A. Phillips, Lamp Flasher Outwits 
rent, withholding full load current until lamp corrected. Maximum pulse current is limited Shorts and Surges, EDN, Feb. 1, 1970, p 54—~ 
filaments are warm or shorts are removed. to about 20 A by R2. Normal flashing cycle is 55. 
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1~KW BLINKER—Ujt Q) operates as relaxation 
oscillator at frequency determined by RI, 
which may be potentiometer. Each ujt out- 
put pulse energizes relay through amplifier 
stage Q2, to apply power to lamp through 
relay contacts. Gives about one flash per 
second with values shown.—J. P. Shields, 
“Novel Electronic Circuits,“ H. W. Sams & Co., 
Indianapolis, Ind., 1968, p 90. 


BICYCLE FLASHER—Two-stage direct-coupled 
flasher is connected as free-running mvbr op-~ 
erating from 66@-V dry-cell pack, Can read- 
ily be mounted on bicycle for night safety. 
R1 controls both duration of flash and inter 


val between flashes. Can also be used for 
identifying car at night in large parking lot, 
or identifying house for guests arriving after 
dark.—“Hobby Manual,” General Electric, 
Owensboro, Ky., 1965, p 78. 


TINY FLASHER—No. 47 lamp at PI flashes 
Increase size of C1 to 
flash.—"A Modern Transistor 
Workbook,” Radio Shack, Boston, Mass., 1965, 


about once a second, 
get brighter 


p 64, 


Tt-20'12,6 STEPDOWN 
TRIAC |-TRIAC 2:GE SC45B FOR 


IKW) LOAD LOAD | LOAD 2 
Seow Tad or Tl 
CRI-CR4: GE AIS F 
CRS,CR6 ° GE 1N4009 
Ol. GE 2N2646 UJT TRIAC | ea 
Q2,Q3: GE 2N34i6 
Cl: 500, F 25V 
ELECTROLYTIC 
C2!.2pF . 
3,04: .05 pF MAKE CONNECTION’ 
RI S602 Re HERE WHEN ONLY 
R2' 2MEG TRIMMER TRIAG | IS NEEDED 
RB; 1 MEG 
R4: 1002 
R5,R6:33.0 


R7, RB, RS: 6802 
RIO, Ri, RI2,RI3:10K 
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RELAY 
2.5K COIL 


K* POTTER BRUMFIELD LM5-2500 OR EQUIV 


AUTO BREAKDOWN FLASHER-Will flash 6-V 
automotive lamp to full brilliance for use as 
warning light when breakdown occurs on 


turnpike. Operates from 6-V lantern battery. 
Uses relaxation oscillator, in which Q1 is 
2N170, Q2 is 2N155, Cl is 50 uF, and R1 is 
47K.—High Powered Flasher, Elementary Elec- 
tronics, Jan.—Feb, 1968, p 14. 


Cl 
RI SV 
100 3.0pnt 


ey 
6V 
=ljL+ 
3! Al 
0.82 MEG a5 
120 
v 
AC 


BASIC A-C TWO-LAMP FLASHER—Free-running 
ujt oscillator QT triggers flip-flop Q2-Q3 that 
alternately fires two triacs each capable of 
handling 1-kW lamp load. For on-off flashing 
of one lamp, omit second triac and make 
connection as indicated. A-c flasher is more 
popular than d-c version when handling hun- 
dreds of watts of power. R2 determines fre- 
quency of Q1, Synchronization of flashing 
with Q1 minimizes rfi.-A. A. Adem, Flashers, 
Ring Counters and Chasers, General Electric, 
Syracuse, N.Y., No, 200.48, 1966, p 2. 


RE 


252 


+160V 


MERCURY RELAY 
WESTERN ELECTRIC 
6K 275C 


ee 
ri 


CAPACITY: 2A 


vi LAMPS: HPN-27-1 


RELAY CONTROL FOR 3-HZ FLASHER—Neon- 
lamp mvbr is here used to keep mercury relay 
de-energized five times longer than it is ener- 
gized, to give flash rate of 3 Hz for lamp 
connected to relay contacts.-W. G. Miller, 
“Using and Understanding Miniature Neon 
Lamps,” H. W. Sams & Co., Indianapolis, Ind., 
1969, p 65. 


LOAD 
CURRENT 15 
NO CURRENT 


240-W WITH 0.5-S FLASHES—R1 adjusts inter- 
vals between flashes having fixed duration. 
For warning signals, typical adjustment is 40 
flashes per minute, each lasting about 0.5 s 


LOAD 
240W MAX. 


ELECTRONIC 


VOLTS -DC 


Qt 
2N4870 


R4 
47 


HIGH-RELIABILITY FLASHER—Basic flip-flop is 
modified so only one scr can come on at any 
time, to prevent circuit latchup, Duration of 
flash is adjustable from 10% to 50% of duty 
cycle; about 30% gives maximum visibility 
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12k 


a3 
2N4441 


along with 40% saving in power over maxi- 
mum duty cycle, Developed for boats, air- 
craft, and emergency vehicles.—“Semiconduc- 
tor Power Circuits Handbook,” Motorola, 
Phoenix, Ariz., 1968, p 6~—35. 


INCREASE 
FLASHING RATE 


Ry 
10000 


LOAD 
240W MAX. 


son, N.J., 1967, p 69. 


——— 
INCREASE 
FLASHING RATE 


and with 1-s OFF time. 


With buzzer as load, 


can serve as metronome,—‘Silicon Controlled 
Rectifier Experimenter’s Manual,” RCA, Harri- 


240-W FLASHER—Time of each ON pulse is 
fixed at about 0.5 s, and duration of OFF time 
is adjustable with R1 to provide desired 
number of flashes per minute. Can be used 
for Christmas-tree lights, advertising signs, 
warning signals, or for driving alarm bell 
having clapper hitting gong. Values: C1, C2 
50 uF; diodes SK3016; Fl 3A; 11 NE-83; Q1 
$K3005; Q2 $K3020; R1 10K; R2 3K; R3, R4 
2.2K; R5 680; R6 47K; R7 4.7K; RB 22K; RF 
150; SCR1 KD2100.—”Hobby Circuits Manual,” 
RCA, Harrison, N.J., HM-90, p 159. 


FLASHER CIRCUITS 253 


DAYLIGHT-OFF FLASHER FOR BUOYS—Photo- 
electric switch turns on 6-V single-lamp ser 
flasher at night and shuts it off at dawn, to 
conserve battery power and lamp light. For 
use in isolated locations at which a-c line 
power is not available. Gives about 12 
flashes per minute. Mount photocell to re- 
ceive as much light from flashing lamp as 
possible without interfering with visibility of 
lamp, so flashes lower resistance of photocell, 
Uses flasher-type lamp having built-in bime- 
tallic switch that opens when lamp heats up 
(1 or 2 s) and closes again after 0.5 s of lamp 
cooling.—"Hobby Manual,” General Electric, 
Owensboro, Ky., 1965, p 84. 


1-KW DAYLIGHT-CONTROLLED FLASHER—Op- 
erates from a-c line, for use as warning light 
on tower, pier, or construction hazard, as 
well as for advertising signs. Photocell 
starts flasher at sunset and turns it off at 
dawn.—"Hobby Manual,” General Electric, 
Owensboro, Ky., 1965, p 88. 


55! 
100'Voc 


eS ORG.NZ € ) 


(OOK NE-2 


OPTIONAL REMOTE 
12O:NAG. CONTROL CIRCUIT 


28 VDC. 


D-C FLASHER—Flashes single battery-powered 
lamp at adjustable on and off times, for 
automotive or portable traffic hazard warn- rent is within its rating, but SCR1 can be first applied.—A. A. Adem, Solid-State Flash- 
ings. Uses capacitor-commutated scr flip- lower rating. Network R9-C3-D5 insures that ers for Light Displays, Electronics World, Aug. 
flop. SCR2 should be selected so lamp cur- only SCR1 will be turned on when power is 1967, p 83-84. 
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CR3 
IN1692 


cR2 
INI692 


3h 


Co] 
15 TO 20uf AT 
350 VOLTS AC 


Ti 
GE NO.NW25 LAMP : RIO 
(12 Vv, 3A) 2200 


40-W 12-V FLASHER—RI controls flash rate 
to give up to 60 flashes per minute, with 
photoelectric daylight control and independent 
control by R2 of on and off times.—Hobby 
Manual,” General Electric, Owensboro, Ky., 
1965, p 86. 


R2 
A” Box 


¥y Pci 
GE-X6 


SYMMETRY 
ADJUST 


+12V 
iE 
3.3K 220 same: eg <a #1073, 
BARRICADE FLASHER—Uses two scr’s to drive pe/25v pr/25V 
single lamp at flash rate adjustable by R3 R3 
in range of 36 to 160 flashes per minute. 250K fon con 
Circuit is self-starting when power from 12-V 
battery is applied, and operates reliably even SCRt SCR2 
" | 
for fluctuating (noisy) battery supplies. CciO6Y So EAN 
May also be used in autos and boats.—D. R. m Pray 
Grafham, Using Low Current SCR‘s, General B 1K 
Electric, Syracuse, N.Y., No. 200.19, 1967, p 10 1 
38. a NOTE: ALL RESISTORS 1/2 WATT 
+12V o———9-—— pe ae 
R4 R2 GE 
3.3K 220 2.2K 62 #1073 
Bat SOV LAMP 
Xe 
250K, at NON-POLARIZED| oo > ge cosy 
GE 2N2646 SCRi TYPE | 
GE Cio6y (on 
ther HEATSINK} 
7 4p F SY € 
Ri 3 
10 Olpe 


NOTE: ALL RESISTORS |/2 WATT 


12-V SCR/UST LOW-POWER FLASHER—Pro- 
vides 36 to 160 flashes per minute, depending 
on setting of R3. Ujt Q1 operates as relaxa- 
tion oscillator, delivering train of trigger 
pulses to two scr gates.—“SCR Manual,” 4th 
Edition, General Electric, 1967, p 160. 


NEON SEQUENTIAL FLASHER—Flashing 
quence will either be 1:2:3 or 3:2:1, but start- 


se- 


ing sequence is not predictable—W. G. 
Miller, “Using and Understanding Miniature 
Neon Lamps,” H. W. Sams & Co., Indianapo- 
lis, Ind., 1969, p 47. 


FLASHER CIRCUITS 


a 
3 gee i, "ON" 
TIME R2 TIME (3) 
R4 LOAD 
28 VDC 
SCR2 
Se 
RI, R2 : 500K, LINEAR POT 
R3,R4 . 750K 1/2W 
R5 : 1002 V2W 
RGR? 2 IK, V/2W c4 4 ,F, 50 VOLTS NON- POLARIZED 
RB : 2702 V2W Q GE 2N2646 UT 
RO > 47K, 2 W SCRI,SCR2 GE CIO6F 
RIO =: 2500, 5W CRI- CRS GE AI3F 
cl : ATpF 50V LOAD GE 50C 14A LAMP 
C2,C3 : 224 50V 
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SCR FLIP-FLOP D-C FLASHER—Has independent 
adjustments for on and off times of single 
Jamp load. Circuit is capacitor-commutated 
scr flip-flop, with network R9-C3-CR5 added 
to ensure triggering of only one ser when 
power is first applied.—A. A. Adem, Flashers, 
Ring Counters and Chasers, General Electric, 
Syracuse, N.Y,, No. 200.48, 1966, p 3. 


1-KW FLIP-FLOP FLASHER—Flashing rate, de- 
termined by ujt Q1, can be adjusted from 
about 0.1 to 10 s with R2, to drive triacs 


GE 
2N3416 


through flip-flop @2-Q3.—J. H. Galloway, 
Using the Triac for Control of AC Power, 
General Electric, Syracuse, N.Y, No. 200.35, 
1966, p 16. 120.126 
D3 
GE AI3F (4) 
DI -4 


120V 60 HZ 


Ist STAGE @nd STAGE LAST STAGE 


sa (2012.6 


LOAD 
600W 


SC40B 


FOR [000-WATT LOAD USE 
ALL RESISTORS 2 W GE SC45B TRIACS. 


ADDITIONAL STAGES MAY BE INSERTED BETWEEN DOTTED LINES. 


ALL SCR'S GECIO6Y 
ALL DIODES GE AI3 F 


TRIAC 3 
GE 


CHASER—Turns on lamps sequentially, at 
equal intervals, with each one staying on 
until all are on. Circuit then turns all of 
them off and starts again with first lamp. 
Used chiefly in advertising signs.—A. A. 
Adem, Solid-State Ring Counters and Chasers 
for Light Displays, Electronics World, Sept. 


1967, p 84-85. 
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24-V LAMP FLASHER—With components 
shown, gives about 60 flashes per minute. 
To vary flashing rate, use 0.5-meg pot and 
0.5-meg resistor in place of 1M resistor.— 
D. Cooper, SCR’s and Triacs—the Revolution 
Continues, Electronics World, Aug. 1968, p 
25~28. 


QNi77h 


RELAY~ P&B KBI7AG 


oR j ? 
PHILLIPS ADVANCE 
LGA /4C/ I15VA et 
N 


POWER FLIP-FLOP—Combination of scr and 
dual-coil latching relay provides variable-fre- 
quency on-off switching cycle. Extra contacts 
on relay can be used to drive warning flasher 
or, with unequal resistance paths for charg- 
ing capacitor, provide asymmetrical flip-flop 
action. Values shown give operating fre- 
quency range of 12 to 180 cycles per minute. 
22uf, loov This range permits use as metronome or as 
TANTALUM interval timer.—V. P, Holec, SCR Relay Circuit 
Makes Flip-Flop or Interval Timer, Electronic 
Design, June 7, 1965, p 39—40, 


!20V 60Hz 


Q1,Q2,03,Q4:2N2646 


ADJUSTABLE-TIMING CHASER—Turns on each = b———-———_--—___~—____ 

lamp in turn, with separately adjustable time 

delay in each lamp stage (RI, R2, R3, R4). chiefly in advertising signs. Any number of A. Adem, Solid-State Ring Counters and Chas- 
All lamps stay on until end of sequence, lamp stages can be used. Additional stages ers for Light Displays, Electronics World, Sept. 
when all go out and process repeats. Used may be inserted between dashed lines.—A. 1967, p 84—85. 
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SCRI 
CISFX32i 


+l2Vv 


40 W WITH DAYLIGHT-OFF CONTROL—Oper- 
Bt 


ates from 12-V battery and gives up to 60 
flashes per minute as determined by setting 
of RI. R2 gives independent control of on 
and off times. Photocell R3 shuts off flasher 
during daylight, increasing battery life.—F, 
W. Gutzwiller and E. K. Howell, Economy 
Power Semiconductor Applications, General 
Electric, Syracuse, N.Y., No. 671.1, 1965, p 5. 


alt 


SCR2 
CI5FX32!} 


2200 


t2 
#1034 (2) 


GND 
o24V 


20M 


Te gap *0OMA 


prf = 1CPS 
DUTY FACTOR 50% 


O.Inf O.lat 
Ft 
cake oan 117-V_ A-C FLASHER—With optional photocell, 1-HZ FLASHER—Generates one flash per sec~ 
oo flashing rate varies with ambient illumina- ond with 100 mA through 240-chm lamp 
tien.—D, Ceoper, SCR’s and Triecs—the Revo- load RL without need for electrolytics. When 
lution Continues, Electronics World, Aug, one sc¢s triggers on, 0.2«uF commutating ca- 


1968, p 25~28. pacitor turns off other one and charges its 
gate capacitor to negative voltage through 
20 meg until retriggering occurs, Circuit effi- 
ciency is 88%. 20-meg resistors can be 
made variable for changing frequency or 
duty factor.—Planar Silicon Controlled Switch 
3N81/3N82, General Electric, Syracuse, N.Y., 


No. 65.16, 1964. 


UTVAC. 


cA UM SULPHIDE PHOTOCONDUCTIVE 
CELL (OPTIONAL) C3~i20 


XENON TRIGGER—Two xenon flashtubes op- 
erating in 60-400 Hz range can provide pulses 
of light for triggering laser's (light-activated 
scr’s), Ujt relaxation oscillator provides al- 
ternate pulses for scr’s, turning them on and 
making 0,.22-u4F capacitors discharge into 
primaries of high-voltage trigger transformers, 
to give 6-kV pulses for ionizing flashtubes to 
give pulses of light.-“SCR Manual,” 4th Edi- 
tion, General Electric, 1967, p 118-119. 


GR, ,CRp ~GE Z4x148 
0) , Og" ~ GE 2N2646 
SCR, , SCR, ~ GE CSO 
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1:2;2:2:1:2:2:2 SEQUENTIAL NEON—Flashing 
sequence may be varied by changing capaci- 
tor values. Large capacitance values permit 
bright flash.—W, G. Miller, “Using and Un- 
derstanding Miniature Neon Lamps,” H. W. 
Sams & Co., Indianapolis, Ind., 1969, p 47. 


SQUARE 
WAVE 
OUTPUT 


300-HZ FLASHER—Provides slightly imperfect 
square-wave output at approximately 300 
Hz. One use is as sequence flasher.—E. Bau- 
man, “Applications of Neon Lamps and Gas 
Discharge Tubes,” Signalite, Neptune, N.J., p 
36. 


120 VAC, 


DS:Z4XLI8 


SEQUENTIAL FLASHER FOR LAMPS—Uses ring 
counter in which each ser is triggered in turn 
to operate its load. Can be used for dis- 
plays, traffic warning flights, and advertising 
signs. Additional lamp stages can be added 


90 -135V = 


10M IK 


3Vv 


BLINKING NIGHT LIGHT—Gives about 50 
flashes per minute when darkness falls, for 
drawing attention to hazards. Two type-D 
cells will operate flasher for several months, 
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NEON BLINKER—Simple circuit flashes once 
every 5 s.—E. Bauman, “Applications of Neon 
Lamps and Gas Discharge Tubes,” Signalite, 


AOS7B Neptune, N.J., p 153. 


2N3704 


since battery drain is below 75 uA in day~ 
light.—J. G, Rabinowitz, Photocells—Types, 
Characteristics, and Applications, Electronics 
World, Sept. 1968, p 23-26. 


100k 


AZ 


Qi 
2N4870 


1-W 12-V FLASHER—Low-cost circuit gives 6 
to 120 flashes per minute, each adjustable in 
duration from 40 ms to 0.5 s.—“Semiconduc- 


HATE & STEADYS R3 ‘G= 
2k 


ON CONTROL 


Q2 ON BIAS CONTROL 


BULB 
IMPEDANCE 
>100 HOT 


LIGHT 
“ON” DURATION CONTROL 

a2 
2N2219 


c2 
0.1 pF 
75V 


RS 
1k 


Handbook,” Motorola, 


Circuits 
Phoenix, Ariz., 1968, p 6—34, 


tor Power 


C3) LOAD 


1OOW 


AIBF 


between the dotted lines. Article tells how 
to change components to handle higher- 
wattage lamps. Adjust RI to give 120 V 


AI3F 


AI3F 


across CI.—A. A. Adem, Solid-State Ring 
Counters and Chasers for Light Displays, 
Electronics World, Sept. 1967, p 84-85. 
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TWO-ADJUSTMENT FLASHER—On and off times 
are individually set by R2 and R4 in versatile 
lamp flasher. Any number of load-controlling 
ser’s may be added, each with its own timed 
pulse spacing.—E, Kiburis, Sequential Control 
with Silicon Controlled Rectifiers, EEE, March 
1970, p 100-103. 


SCR3 
2N2323 


2 
#1034 (2) 


ie | 4 4 
cAI 
ono IWi692 Be 
meine 
T RZ 
500K 


SYMMETRY 
AgvusT 


40-W = NIGHT-ONLY FLASHER—Phofoelectric 
daylight control turns flasher on at sunset and 
off at dawn to conserve battery light. Tim. 


ing of ser flip-flop is controlled by ujt oscilla- TRAFFIC LIGHT FLASHER—Combination of two 
tor having variable control for flash rate and Philips NORbit blocks and LPA amplifier 
independent control of on and off times of serves as simple astable mvbr, used for driv- 
Rash.—High-Power, Battery-operated Flasher ing TTM thyristor trigger module for switching 
With Photoelectric Control, General Electric, one or two thyristors at given repetition rate 
Auburn, N.Y., No. 630.15. as determined by values of capacitors used. 


With 12-V supply and values shown, flash 
rate is 1 Hz.—L. J, Lemmens, Multivibrator 
Circuit for Control of Thyristors, Philips, Pub. 
Dept., Elcoma Div., Eindhoven, The Nether~ 
lands, No. 61. 


NOTE: To locate additional circuits in the category of this chapter, use the index at the back 
of this book. Check also the author’s “Sourcebook of Electronic Circuits,” published by 
McGraw-Hill in 1968. 


CHAPTER 32 
Flip-Flop Circuits 


Loaom 
(7800) 


at 
{800K} 


co 


(tysF 200V) 


cs 
{-014F 200¥) 


Loante 
(750.0) 


R2 
(800K) x 


; 


ie > 
6s 
#200 
LO 200V) 4 YOLTS ] 
- aa scr2 
tose FSM S cigs ‘0 Fens | cess) 
&2 c3 
& cre L05F 05 nF 
] CERAMIC CERAMIC 


© 
8 


CRim CRA -GE INIG93 


CONDITION 0 


QUINARY TRIGGER—~Six additional 


provide three additional stable states, 
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SUMMATION O 


CRA VOLTAGE 
ice al cR2 
GROUND CONDUCTS 


diodes 
(D1~D2 and D5-D8} in Eccles-Jordon flip-flop 


Used 


as quinary memory in patfern recognizer de- 
veloped by IBM for spoken words or graphic 
inputs. Transistor and diode types are not 


Vacni (ANODE TO CATHODE) 


t 
' 
1 
1 
1 
SCRI TRIGGERS. 


SCRI 
GATE TO 
CATHODE 


sere 
TRIGGERS 


+6v 


—{2v (RESET) 


FREE-RUNNING HIGH-VOLTAGE SCR—-Oper- 
ates as low-frequency astable mvbr. By in- 
creasing sizes of timing capacitors C4 and 
C6, circuit can be made to operate at very low 
frequencies; it can then be used as high- 
voltage flasher driving lamp loads.—D. R. 
Grafham, Using Low Current SCR’s, General 
Electric, Syracuse, N.Y., No. 200.19, 1967, p 27. 


CONDITION 4 


SUMMATION 1 


102. 


critical—G, L. Clapper, Machine Looks, Lis- 
tens, Learns, Electronics, Oct. 30, 1967, p 91— 
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+7NVO BASIC BISTABLE UJT—Circuit has two stable +V1 +V2 
cperating points, called the ON and OFF lav 25v 
states, When OFF, only very small current 
75K flows through load and power dissipation in 
load is below 1 nW. When trigger Is applied 600n. 
to input X or Y, or both (positive for X and 
negative for Y), load power dissipation be- Be TRIGGER 
comes about 135 mW. Negative trigger at X TRIGGER INPUT Y 
will turn circuit OFF.—T, P. Sylvan, The Uni- INPUT X 7 
junction Transistor Characteristics and Appli- 
+424 cations, General Electric, Syracuse, N.Y., No. TYPE 2N493 
INPUT 90.10, 1965, p 59. 
+ 4-5V (4-0-5-0) 
SET o———__| 
RESET 0 
uF ouTPUT O OouTPUT 
BINARY NEON—Zero potential applied at 
RESET terminal extinguishes V2 and permits 
VI to ignite. Choose value for common cath- 
ode resistor RK such that V2 cannot fire. 
24-V pulse at input, of duration depending 00k 
on time constant of RK and 0.2-«F capacitor, 
causes flip-flop to switch, indicating count of 
ONE. Same lamp is lit once for every two 
input pulses, All lamps are 5AB-B.—W. G. 
Miller, “Using and Understanding Miniature 
Neon Lamps,” H. W. Sams & Co., Indianapolis, j qw.pissIPATION BISTABLE—Power dissipa~ 
Ind., 1969, p 50. tion is only 2.2 mW with 4.5-V supply. Will sapr 33p1 
operate up to 220 kHz unloaded and 190 P 
kHz into 68-pF load. Report gives design 
procedure.~“E-Line Transistor Applications,” 
Ferranti Ltd,, Oldham, Lancs., England, 1969, 
p 13. INPUT 
+4y 
Be oy COMPLE MENTARY 
OUTPUT rg OUTPUT 
Re Ry Re 
3.3k 3.3k {00 
5 Re 
Q3 = : 2.2k (- a4 
2N2894 @; ch 2N2894 
R3 Raq 
—l- 10k {Ok — 
~4v SY aAN 
Rio 
5.6k Rig 
tk STROBE 
Ray 
DIGIT LINE 1k Sy) 
x - COMPLEMENTARY 
$2 DIGIT LINE 
Do ik 
iN3605 


22pf ae Aja 
10k 


MEMORY SENSE AMPLIFIER—Picks up differ- 
ence between currents in complementary digit 
lines, to bias flip-flop Q1-Q2 through differen- 
tial amplifier Q5-Q6. Strobe read signal sets 


+4y 
flip-flop to state toward which differential 
amplifier previously biased it, to generate 
appropriate complementary outputs, Used in 


Ce 
TL zzet 


computer storage developed for long space 
trips.—D. E, Brewer, S. Nissim, and G, V. Pod- 
raza, Suitcase-size Memory for Longer Space 
Trips, Electronics, Nov. 13, 1967, p 138-146. 
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Veo + 4°54 


(4-0 - 5 oy) 


R2 
470 


OUTPUT 


OUTPUT 


FAST FLIP-FLOP—Can be used as frequency 
divider up to 7.5 MHz. Requires only one 4,5- 
V supply. Used in Johnson decade counter. 
Report gives design procedure and equations, 


INPUT 


along with modification for increasing speed 
to 13 MHz.—E-Line Transistor Applications,” 
Ferranti Ltd., Oldham, Lancs., England, 1969, 
pil. 


ot 


BAX13 
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+3v 45% 


) 
~BVE5% 


COMPLEMENTARY SILICON TRANSISTORS—Use 
of complementary transistor in place of col- 
lector load resistor in basic flip-flop gives 
higher operating efficiency, higher operating 
speed, and lower output impedance. Article 
gives design procedure for determining opti- 
mum values of components, for operation at 
temperatures from —55 to +150 C at T-mA 
collector currents.—P. Ward, Complementary 
Flip-Flops Improve Bistable Performance, Flec- 
tronic Design, May 11, 1964, p 50-55. 


Vy=+24V 
Relay type SZC7122 
(3522 289 97481) 
MEMORY FOR POWER FAILURE—Divide-by-two 


flip-flop uses bipolar relay to provide memory 
function so information is not lost if supply 


ov Q T 


voltage is removed because of power failure 
or any other reason, Uses Philips amplifier 
and gate blocks, Terminal T is input. High 
level at terminal S stops flip-flop. Comple- 


s 


mentary outputs are taken from terminals Q. 
—L. 3. Lemmens, A Non-Volatile Flip-Flop, 
Philips, Pub, Dept., Elcoma Div., Eindhoven, 
The Netherlands, No. 72. 


FLIP-FLOP CIRCUITS 


+8 


1OK 
100 


iH 
3 
° 
> 


1OK 


COLLECTOR-FOLLOWING EFFECT — Operation 
depends on driving hase potential of single 
saturated common-emitter transistor rapidly 
toward cutoff. Collector voltage then follows 
hase, if collector resistance is sufficiently high, 
Article gives theory of operation. No trans« 
former is required. Will operate for collector 
resistances of 2K to 100K for variety of tran- 
sistors ranging from 2N1613 to 2N706. Fre- 
quency of sine-wave source is not critical. 
Can he used as shift register, delay, and radi- 
ation detector.—R. £. Briley, One-Transistor 
Flip-Flop, Electronic Design, Aug. 17, 1964. 


p 132134. 


BISTABLE MOSFET~—Extremely high impedance 
of mosfet circuit makes power dissipation of 
flip-flop less than 0.5 mW.—C. R. Perkins, 
“Application of MOSFET Devices to Electronic 
Circuits,” Hughes, Newport Beach, Cal,, 1968, 
p 33, 


+'25 VOC 


2 MFD,200 VOLTS 
N.P. 


7 AMP 
LOAD 


G-E A44B 
(FOR INDUCTIVE LOADS) 


27K IN2939 


1N2939 


~20V 


TUNNEL-DIODE FLIP-FLOP—Used in converting 
analog voltage waveform to digital logic 
levels, Provides faster rise time than con-~ 
ventional Schmitt trigger and maintains ac- 
curate zero-crossing information without 
phase distortion. Circuit requires only one 


supply voltage, plus lamp voltage if desired, 
Output is clean square wave at any frequency 
from 1 to 25 kHz for 1-V p-p input signal.— 
C. S. Miller, Fast Squaring Circuit Preserves 
Phase Information, “400 Ideas for Design 
Selected from Electronic Design,” Hayden Book 
Co., N.Y., 1964, p 96, 


OUTPUT 


LATCHING STATIC SWITCH—Load current flows 
when pulse is applied to gate of SCRI, which 
To turn off load, 
pulse is applied to SCR2 to turn it on and 
short out SCRI momentarily through C to 
Can he used as flasher, 
circuit 
breaker, power mvbr, ete.—F, W. Gutzwiller 
and E, K. Howell, Economy Power Semicon~ 
ductor Applications, General Electric, Syracuse, 


then triggers and latches on. 


make SCRI drop out. 


heavy-duty relay, heater control, 


N.Y., No. 671.1, 1965, p 4. 
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PCONTROL 
SWITCH 


MANUAL 


TO SCR GATES 


Q|—6-E 2NI67IA 
Q2,Q3-G-E 2N3416 
CR, ERg~G-E INI77O 


BOUNCE-FREE SWITCH—When logic signal is 
to be generated by manual switching of flip- 
flop, bounce at switch contacts can be elimi- 
nated by using spdt switch connected as 
shown, to short-circuit ane transistor of flip- 
flop each time switch is operated to make 
flip-flop change its state.—B. Ross, Flip-Flop 
Switch Eliminates Contact Bounce, “400 Ideas 
for Design Selected from Electronic Design,” 
Hayden Book Co., N.Y., 1964, p 232. 


CAZORg— AISAZ 


400-HZ TRIGGER—Delivers square-wave gate 
signals alternating from 7 V positive to 7 V 
negative through transformer for driving scr 
or triac gates. Current is up to 800 mA. Can 
be free-running, or driven by ujt for precise 
timing.—"SCR Manual,” 4th Edition, General 
Electric, 1967, p 85-86, 
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MICROPOWER FOR REDUNDANCY—Use of 
pulsed or gated power mode for Philco-Ford 
sef-reset IC flip-flop cuts operating power to 


CAPACITORS DETERWINE FLIP-FLOP STATE 


a few microwatts instead of the usual several 
milliwatts. Supply voltage is gated to digital 
elements only during clock interval, with typi- 


POWER GATE INPUT 
+V 


RESET (3) 


cal clock rate under 1 ys. Article describes 
how circuit can be used in redundant error cor~ 
rection design to obtain high reliability without 
power penalty, as required in spacecraft elec- 
tronic systems.—R. E. McMahon and N. Childs, 
Micropower Redundant Circuits Correct Errors 
Automatically, Electronics, Feb. 6, 1967, p 
66-69. 


FLIP-FLOP CIRCUITS 


COMPLEMENTARY GERMANIUM TRANSISTORS 
—Complementary arrangement with germa- 
nium transistors gives higher operating effi- 
ciency, higher operating speed, and lower 
output impedance. With circuit unbalanced 
to ground, only one supply voltage is needed. 
Circuit also illustrates use of commutative 
triggering from positive-going input. Article 
gives design procedure.—P. Ward, Comple- 
mentary Flip-Flops Improve Bistable Perform- 
ance, Electronic Design, May 11, 1964, p 50—- 
55. 


REGENERATIVE OUTPUT FOR FLIP-FLOP—Am-~ 
plifler Q3 boosts peak power to 10 W for 12- 
ohm load. Circuit at left of points A-B is asta~ 
ble flip-flop, but technique can be applied to 
stable and monostable flip-flops as well,— 
R. A. Durand, Regenerative Stage Enhances 
Flip-Flop Power Output, 400 Ideas for Design 
Selected from Electronic Design,” Hayden Book 
Co., N.Y., 1964, p 180-181, 
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220pf 220pf 
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TUNNEL-DIODE HYBRID—When power is ap- 
plied, silicon transistor stays off. Addition of 
input current through coupling capacitor 
switches tunnel diode to its high-voltage state, 
making transistor turn on, Applying negative 
pulse at input makes circuit switch back to 
low-voltage state, giving equivalent of flip- 
flop action.—W. R. Spofford, Jr., Applications 
For The New Low Cost TD 700 Series Tunnel 
Diodes, General Electric, Syracuse, N.Y., No. 
90.66, 1967, p 8 
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728420 
2TX300 
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SET 


1 


RESET 


SET-RESET BISTABLE—Cross-coupling of two 
NOR gates gives logical flip-flop that is use- 
ful for control purposes where two separate 


signals are available to trigger bistable be~ 
tween its two states. Inputs are normally up, 
and triggering occurs when inpot is pulled to 


TTX300 
(BCW10) 


4 a 


ground or below 1 V.—E-line Transistor 
Applications,” Ferranti Ltd., Oldham, Lanes., 
England, 1969, p 10. 


CHAPTER 33 
Frequency Divider Circuits 


8kHz OSCILLATOR 
SUS- 2N4985 


SIMPLIFIED 8 KHZ:1 KHZ DIVIDER-Sawtooth 
output of each silicon unilateral switch stage 
is half the frequency of preceding stage. May 
also be used with 2N4989 sus.—Silicon Uni- 
lateral Switch 2N4984/2N4985, General Elec- 
tric, Syracuse, N.Y., No, 65.27, 1967, 


DIVIDE-BY-12 MVBR—Provides precise division 
up to 12 with values shown, and up to 1,000 
by adding self-controfled input gate and 
1-MHz crystal clock feeding three circuits in 
cascude. Circuit in dashed area is added to 
generate neatly squared I-ms pulses for syn- 
chronizing another divider stage. Use mini- 
mum value for C and adjust pet to give 
desired fixed division factor, Generated pulse 
can be stopped or started with any positive 
edge of clock pulse.—V. Mosca, One-Shot 
Multivibrator Yields Division up to 12, Elec- 
tronics, April 14, 1969, p 96. 


output 


STABLE CLOCK 
INPUT 


{100 pf 
C, , 


60:1 WITH ASTABLE MVBR—Circuit easily syn- division. Components R3 and C3 are selected Q3 stops mvbr.—A, L. Plevy and E. N. Monac+ 
chronizes to 92-V sinusoidal or square-wave to offer ripple to base of Q3 at clock fre- chio, Failsafe Frequency Divider, Electronics, 
clock input over frequency range of 10 to 600 quency; ripple is amplified by Q3 and fed to Sept. 19, 1966, p 127. 

kHz and gives either 10:1 or 60:1 frequency — mvbr Q1-@2 to lock it to clock. If clock fails, 
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FREQUENCY DIVIDER CIRCUITS 


OUTPUT (2.5kH2t 


OUTPUT (250H2) 


DECADE DIVIDER—Starts with 2.5-kHz ujt os- 


10v 
p-p 


cillator. Each following transistor-ujt stage 
divides frequency by 10. C? and C2 are 
0.0047, RI is 100K, R2 is 1 meg, and R3 and 
R4 are around IK, adjusted to match ujt’s. 
For next stage, product of R2 and C2 should 
be ten times that of preceding stage, with 
R2 between 27K and 10 meg.—Silicon Com- 
plementary Unijunction Transistor D5K1, Gen~ 
eral Electric, Syracuse, N.Y., No. 60.15, 1967, 


M4 
me 
ae 
Ve HT ERC 
Vo 
JITTER KILLER—Control voltage Vc of ujtdeters acteristics of ujt make it tolerate large 


mines frequency division ratio, in range of 
For values shown, circuit operates 


2 to 20. 
over frequency range of 


(380 CPS 
MASTER OSCILLATOR 


Z4XL128 
(GE) 


CASCADED UJT’S DIVIDE 1,390 HZ BY 8— 
Simple ujt relaxation oscillators are cascaded 
and synchronized from 1,390-Hz Hartley oscil- 


fator to give reliable frequency division. Saw- 


amounts of jitter in input.—J, P. Budlong, UJT 
Gives Frequency Divider an Immunity to Input 


20 to 150 Hz, Char- Jitter, Electronics, July 7, 1969, p 105. 
695 CPS 347.5 CPS 173.5 CPS 
Ist DIVIDER 2nd DIVIDER 3rd DIVIDER 


tooth waveforms and pulse outputs of either 
polarity are available from each divider 
stage.—J. F, Cleary and D. V. Jones, Cascaded 
UJT Oscillators Form Stable Frequency Divider, 
Electronic Design, Nov. 8, 1965, p 52. 


NOTE: L;-450 mhy SLUG TUNED COIL 
Q=6 ATIKC 
OC RES. 4809 
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+ 200VDC 


| 12076-27-2 


-BY.2— a 7 {20TG-27-2 
DIVIDE-BY-2—Uses 3-element neon lamps pow ‘0022 


ered by a 200-V supply which also runs 880- 880 IN 
Hx master oscillator. Output is 440-Hz linear CPs 
sawtooth.--E, Bauman, “Applications of Neon 
Lamps and Gas Discharge Tubes,” Signatite, 


Neptune, N.J., p 51. 
reas 100K 


440 CPS 220 CPS 110 CPS 


TRIGGER 


INPUT TUNNEL-DIODE DIVIDER~—Lowest of five diodes 


in series string is chasen to have highest peak 
point current. First trigger pulse turns on 
diode having lowest peak point current, cre- 
ating first voltage jump at output. Successive 
TUNNEL DIODES fl trigger pulses will in turn trigger other diodes 
GE To7le one at a time, until finally the bottom diode 
is turned on, Voltage across entire string 
then drops to zero, turning off all diodes, and 
sequence begins again. Can be used as 5:1 
pulse frequency divider or as staircase wave- 
form generator,—W. R. Spofford, dr., Applica- 
tions For The New Low Cost TD 700 Series 
Tunnel Diodes, General Electric, Syracuse, 
NLY., No. 90.66, 1967, p 10. 


100 khz 


OUTPUT 


Paik Le 


SELF-DIVIDING IC CRYSTAL OSCILLATOR— 
Fundamental resonant frequency is divided 
by 10 automatically, without separate fre- 
quency-dividing mvbr, when switch § is in 
10-kHz position. Circuit actually oscillates at 
20 kHz but waveform is asymmetrical and 
has strong 10-kHz submultiple, IC is low-cost 4 
Fairchild »l914 dual two-input gate.—J, Alt 

house, Dividing the Frequency of an Oscillator =e oe 
by 10, Electronics, December 11, 1967, p 98. TIME, p sec 


b tit 


(10 khz} 


FREQUENCY DIVIDER CIRCUITS 


DIVIDE BY 2 OR 3~—Transistor coupling be- 
tween stages prevents audio signal of one 
stage from leaking back into previous one. A 
low-impedance sine-wave generator in series 
with I] provides dividing signal. 
be used as organ tone generator if second 
stage is adjusted to divide by 2.—E, Bauman, 
“Applications of Neon Lamps and Gos Dis- 
charge Tubes,” Signalite, Neptune, N.J., p 50. 


8kHz 
OSCILLATOR 


SkHz 


Re} 


SUS - 2N4985 


TRANSIENT-FREE SUS 8:1 DIVIDER—Spikes in 
center of sawtooth are eliminated in this sili- 
con unilateral switch circuit by triggering at 
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-I5Vv 
+135V 
2 
Circuit may 2 
1*1400~- 
Ri 
2.2 
em erry eo VVI ot 
IKHz 
INPUT OUTPUT 
TOMY ce(o-80) csto-i25) 99.0h™ 
50 Mc 0.862h  0,95uh “2 25Mc 


uy 


= I5pf 
¢ MOTOROLA RL 
80 Ve IN4386 50 
one \20pf AT OV 
0 vb = 400V 
Ly Sa T, Va" 1.0, Va" DIA TUBE, COPPER, 7a" TURN SPACING 


Le 7 V2 T, 5/6"1.D, #16 ENAM.WIRE, CLOSE WOUND 


VARACTOR FREQUENCY-SPLITTER — Converts 


50 MHz to 25 MHz with 80% efficiency, 
ous harmonic energy is 20 dB below 25-MHz 
output and input vswr below 1.2 for input 


powe 


gate. May also be used with 2N4989 sus.— Freau 
Silicon Unilateral Switch 2N4984/2N4985, ioe 
General Electric, Syracuse, N.Y., No. 65.27, 
1967. 
poet 
560 560 an sd) 
INTER MEDIATE v v 
Vv OUTPUT 
EMITTER 
| FOLLOWER 
OF F oureur v' 
a taow 
22k 
ra 
ie O20¥ 
(RPUT >. 4 poy +207 <= 
470 . 
TRANSISTORS 27X320 x 


3-STAGE RING DIVIDER—Intended for feeding 
with sine-wave input, Can only have odd 
number of stages. Supply voltages are not 
critical, and can be as low as 10 V. When 
transistors are in states shown, the three pairs 


DIODES KSOSTA OR KSZ205IA 
= C's 10.000pF CERAMIC 


of collectors (V, W, and X) ore ot three differ- 
ent voltages levels—intermediate, low, and 
high. Intermediate level is unstable; in ab- 
sence of input, this level moves around the ring 
and gives self-oscillation. Small input signal 


Spuri- 


r range of 7 to 125 W.—B. A. Ziegner, 


Varactor Achieves High Power Subharmonic 


ency Division, Electronic Design, Sept. 27, 
p 64-65. 


naa tO ay 
fame na OAV 

Peete Yt 

+o BY 


locks circuit to signal, so unstable state moves 
one stage for each input halfecycle. Can 
handle inputs above 300 MHz, if lead lengths 
are minimized,—A V.H.F. Ring Divider, Fer- 


ranti Ltd., Oldham, Lancs., England, No. 39, 
1969. 
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DIVISION FROM 1 TO 10—Adjusting CI or 
number of turns on N? of toroid core changes 
division, Circuit is largely immune to temper+ 
ature changes, Output is sufficient across R5 
(3 V) to drive another divider for further fre- 
quency division.—E. J, Willette, Magnetic Core 
Frequency Divider Uses Fewer Components, 
Electronic Design, Oct. 26, 1964, p 54-55. 


R, - 150 T,- 12201000-18 (ARNOLO) 
R, - 820 80505 -1A-MA (MAGNETICS) 
R, ~ 180 0, + IN7SIA 
Ry - 380 Dg- IN3730 
Rs - 3.9 N,~ 31 TURNS 
Re [8 No~ 60 TURNS 
Ci - O6apt 
N- 30 TURNS 
Q, - 2N2905 
Qy - 2N2905 


DIVIDE BY TWO IN 150~—450 MHZ RANGE— 
Adding transformer TI to astable mvbr speeds 
turn-on and turn-off of transistors, increases 
maximum oscillator frequency, and makes 
divide-by-two operation available over entire 
uhf range for sine, square, or pulse input. 
For 4:1 division, feed output to similar circuit 
in. which input pad R1-R2-R3 is omitted.—D. 
E. Sanders, Adding a Transformer Halves Uhf 
Frequencies, Electronics, March 4, 1968, p 
87-88. 


INPUT 


~13y 
Ty FERROX-CUBE CORE 56-590-65-33 


3 
1 TURN NO. 36 SIFILAR WIRE, 2 TURNS TOTAL 
L,* FERROX-CUBE CORE 56-590-65-38, 6 TURNS NO. 36 


INPUT 


+10¥ S-STAGE RING DIVIDER—Can be used to} 

divide frequencies well above 300 MHz. 
\K decade frequency divider when 
with binary circuit. 


Gives’ 
combined’ 
Switches between three 


Alan 


TRANSISTORS ZTX 320 


DIODES K5S033A OR KS2033A 
C's. 10,000pF CERAMIC 


different voltage \evels; in absence of input 


signal, will self-oscillate at rate determined em 
by delays around ring (about 250 MHz), ik 
Additional stages may be added, but total 

must be odd number.—A V.H.F. Ring Divider, ~10V 


Ferranti Ltd., Oldham, Lanes., England, No. 
39, 1969, 


OUTPUT 


FREQUENCY DIVIDER CIRCUITS 


DIVIDING 20 MHZ—With input resonant cir« 
cuit tuned to 20 MHz and output to 10 MHz, 
circuit performs well as frequency divider.-- 
H. F. Verse, Jr., Simple Circuit Halves 20-Mc 
Supply Frequency, “400 Ideas for Design 
Selected from Electronic Design,” Hayden 
Book Co., N.Y., 1964, p 174, 
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0c 71 


2:1 PULSE SCALER—Used when counting pulses 
at frequencies above reliable operating speed 
of counter, generally around 2,000 Hz, For 
higher count-down ratio, several such stages 
should be connected in series, Maximum in- 


FROM 
OSCILLATOR 


Re 560K2 
R,  100kn 
R,  2°2kn 
R, 
Rs 


SINE-WAVE DIVIDE-BY-5—Used as first count- 
ing stage of battery-powered clock controlled 
by 100-kHz crystal oscillator. Circuit is free- 


put frequency for circuit is about 35 kHz.— 
“Counting Units for Programmed Control,” 
Philips, Pub, Dept,, Elcoma Div., Eindhoven, 
The Netherlands, 1964, p. 18. 


2TX300 


Te Pa 271X500 
Th,» Da 25140 
Cs -OLpF 
Ca 100pF 


1O0pF 


running, as form of mvbr, with no input, but 
synchronizes to exact multiple of sine-wave 


input. R6 is adjusted to give required count 


100 


2.2¥ 


410 


OUTPUT 


CRYSTAL DIVIDE-BY-10 MVBR--Emitter-coupled 
mvbr with crystal in place of timing capacitor 
makes excellént pulse generator for driving 
chain of synchronized divide-by-10 mvbr 
stages used in calibrating time bases of pre« 
cision oscilloscopes.—G. W. Harrison, Crystal 
Gives Precision To a Stable Multivibrator, 
Electronics, Nov. 11, 1968, p 121. 


+ 4-5 


off 
TO STAGE 3 


OV 


of 5 for this stage of clock.—A Crystal Clock 
Using Plastic Transistors, Ferranti Led., Old- 
ham, Lancs, England, No. 34, 1968, 


RITZ 


rrr 
OUTPUT 
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(COMB) 
=a !5OMHz 
Lb OUTPUT 
INPUT 200 CPS 100 pF 
L2 
INPUT 
(200mv) dpe 


SIMPLE 100:1 DIVIDER—Requires only three 
ujt’s to get 200 Hz output from 20,000 Hz 
input. With division ratios of 4 and 5, poten-~ 
tiometer adjustments will be required for the 
capacitor-charging resistors.—T. P, Sylvan, 
The Unijunction Transistor Characteristics and 
Applications, General! Electric, Syracuse, N.Y., 
No. 90.10, 1965, p 73. 


VARACTOR DIVIDER—With Cl and first coil 
resonating at 150-MHz input frequency, action 
of varactor makes L2-C2 resonate at 75 MHz, 


operating over 4% bandwidth, Cost is much 
less than that of IC designed for these fre- 
quencies.—M. Stevens and D, Steward, Varac- 
tor Diode is the Key to a Simple Frequency 
Divider, Electronic Design, Feb. 15, 1970, p 88. 


AVALANCHE-MODE DIVIDER—Operation of 
transistor in avalanche mode gives simple 
relaxation oscillator that can be operated 
either as frequency divider or as low-output- 
impedance voltage generator. Capacitor is 
charged until breakdown voltage of transistor 
is reached, then discharged through transistor 
to give next output pulse. Period of divider 
can be adjusted by changing input amplitude 
and value of coupling resistor from preceding 
stage. Division ratio depends on values of 
R, C, and input amplitude, and is 5:1 for 
values shown.—A. Moiraghi, Single Transistor 
Divides Frequency in Avalanche Mode, Elec- 


1.0¥ 
0 


INPUT 


f= 24hz 


+12 


tronics, Sept. 29, 1969, p 96~97. 


Sy 
(UNITS) 


{UNITS) 
O, 


TYPE 327 OR EQUIVALENT 
GATES 1 AND 2 ARE 49003 


TRANSFORMER 7, (S TECHNITROL 


WKCB OR EQUIVALENT 


UP TO 99:1—Two thumbwheel switches, $1 
and S2, can be set to provide any division 
ratio from 1 to 99 for programmable pulse 


S; AND Sg ARE DIGITRAN DIGISWITCH 


Se 
{TENS) 


ONE-SHOT 
MULTIVIBRATOR 


frequency divider. Will handle frequencies 
exceeding 10 MHz. Uses two IC decade 
counters and IC one-shot to drive pulse trans~ 


f=4.8hz 
QUTPUT 


c 
47of 


no 


former.—K. Erickson, Divider Splits Frequency 
into Any Ratio from 1 to 99, Electronics, April 
13, 1970, p 107-108. 


FREQUENCY DIVIDER 


+135 V 
BAT TERY 


SCALE-OF-8—Simple battery-operated neon cir~ 
cuit produces one pulse every 8 Hz of 400-Hz 
source.—E, Bauman, “Applications of Neon 
Lamps and Gas Discharge Tubes,” Signalite, 
Neptune, N.J., p 50. 


Ry 12kn Ry Aki Stage No. 
Ra 3302 Re = 12k 3 
Ry ka Re 22k y 
Re = 12kn Reo 12k0 5 
Rs 12k 6 
Ry Stages 3 to 20 IMM plus 1MN preset. 7 
Re Stage 11 MQ plus 1M preset. 8 
Tm, Tos ZTX300 9 
Ts BTX 500 CG: 4 /O0pF 10 
Di, Day Da = 28140 Cs  100pF uw 


DIVISION BY 5, 4, OR 3—Used in battery- 
powered 100-kHz quartz crystal clock to give 
one pulse every half-minute for driving ratchat 
mechanism that moves hands of clock 
half a minute per pulse. Circuit synchronizes 
on integral number of narrow trigger pulses 
from preceding stage, with number determined 


CIRCUITS 


AOUTPUT (2.5KHz) 


2.5KHz 


+10 FRE 
kh ale QUENCY oivioeR—s 


10:1 DIVIDER--Complementary ujt D5K, with 
highly predictable voltage threshold, gives 


excellent performance in large-countdown 
frequency dividers such as are used in tele- 
vision color bar generators.—W. R. Spofford, 
dr, Complementary Unijunction Transistor, 
General Electric, Syracuse, N.Y., No. 90.72, 
1968, p 13, 


+459 


o/P 


OV 


go 
220pRr 
1000pF 
5000pr 
0 -02uF 
O-lpr 
0+5uP 
2-2uR 
lor 
10ur 


by setting of R6, Division ratios of stages 
9-11 are 5, 4, 5, 5, 4, 5, 5, 4, and 3, following 
stage 2 which divides sine-wave output of 
crystal by 5. Accuracy of clock is about 1 sec 
per week,—A Crystal Clock Using Plastic Tran- 
sistors, Ferranti Ltd., Oldham, Lancs., England, 
No, 34, 1968, 


NOTE: To locate additional circuits in the category of this chapter, use the index at the back 
of this book, Check also the author's “Sourcebook of Electronic Circuits,” published by 


McGraw-Hill in 1968. 
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CHAPTER 34 


Frequency Measuring Circuits 
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2na27a 


9000 t} Bi “Peoet 
pf = 
si. { 3000 2000 
+ pf pf 


RE cs 
82K 0 i. 
CRYSTAL CALIBRATOR-—Uses only 100-kHz 


and 1,000-kHz crystals in three-transistor cir- 
cuit to provide accurate calibrating signals at 
10, 20, 25, 50, 100, and 1,000 kHz, with 
harmonics well beyond 34 MHz. Book gives 
construction details and tells how to check 
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adjustments with WWV. Blocking oscillator 


transformer TY is Stancor A-B111. L1 is 2.5-7 
mH (J. W. Miller 6316), £2 is 35-300 #H 
(J. W. Miller 2002), and £3 is 2.5-mH r-f 


FREQUENCY COMPARATOR—Compares stand- 
ard frequency at one input of dual NOR 
gate with unknown frequency at other input. 
if unknown is lower, d-c level at output of 
comparator is low. If unknown is higher, 
output d-c level is high. When input frequen- 
cies are equal, circuit functions as linear 
phase discriminator having no tuned circuits. 
May be used as veo control, go-no-go fre- 
quency comparator, or as frequency discrimi- 
nator, Output may be either polarity by 
selecting appropriate terminal of ICS.—R. 
Ricks, Frequency Comparator Uses ICs, EEE, 
July 1967, p 128-129. 


choke.—A. A. Mangieri, Solid-State Crystal 
Calibrator, ’‘Bench-Tested Communications 
Projects,” Hayden Book Co., N.Y., p 116-121. 
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275 
O Q @ FREQUENCY METER—Full-scale range is 2 kHz, 
: and accuracy is within 20 Hz at midscale, 
pipes 0-200u0 Accuracy is ample for ssb and radioteletype 
BNI75. Bee OR, Rg applications. Silicon rectifiers are not critical, 
; aiken if piv rating is above 100 V, as in Sarkes 
eter Tarzian K200 diodes.—J. Alan Biggs, The 
W3ZP Meter, CQ, July 1966, p 70~71. 
— 
VARACTOR 
CONTROL T3 
Tixs 2NITAB-A 


Ol 
Hor 
PRECISION FREQUENCY COMPARATOR—1.13- 
MHz Clapp veo with amplitude control is 
used in phase-controlled loop for high-preci« 
sion maser frequency comparison. Based on 
multiplication of beat signal obtained after 
comparing two frequency standards.~J. V. 
Murphy, Frequency Measurement Using the 
Phase-Controlled Oscillator, Proc. IEEE, July 
1967, p 1144-1153. 


20-35 VDC 


WAALS Sur 
Tl T2 
QN930 QN930 


400-HZ FREQUENCY STANDARD~—Provides 
square-wave output at 7.5 V p-p with fre- 
quency accuracy within 0.1% of 400 Hz from 
0 to 100 C. To compensate for temperature, 
resistor decade boxes are substituted for 
base resistors RA and RB and temperature 
runs are made to obtain curve of temperature 
vs base resistance to yield symmetrical square 


wave at correct frequency. Two sensistors RECEIVER CALIBRATOR~—Provides birdie every 
and two series resistors are then selected to 100 kHz for calibrating short-wave and ama~ 
track the curves obtained. Rx, about 1/100th teur radio receivers. For optimum accuracy, 
of RA-+ RSI, is adjusted for fine-tuning to can be adjusted to zero-beat against WWV. 
exact frequency. Other values are those of Uses crystal and single IC in simple circuit 
conventional mvbr and power supply.—E. B. operating from 3-V battery, Article gives con~ 
Nelson, Multivibrator Adapted As Frequency struction and adjustment details.—D. Lan- 
Standard, Electronic Design, Feb. 17, 1964, p caster, Build the 100-kHz Standard, Popular 


94-95. Electronics, April 1970, p 56-58 and 105. 
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GRID DIP METER~1-mA d-c meter dips when- 
ever circuit is brought near resonant circuit 
oscillating ot same frequency. Once variable 
capacitors in tank of 3A5 oscillator are cali- 
brated for frequency, circuit can be used to 
identify exact frequency at which transmitter 
is putting out signal, B1 is 1.5 V and B2 67.5 
V. Values: R1 5.6K; R2 750; R3 1.1K; R4 
15K; Cl, C2 0.0025 uF; C3 100 pF per section; 
C4, C5 51 pF; RFCI 2.5 mH; LI plug-in coil 
for desired range (winding data given in 
book).—R. M. Brown, “104 Simple One-Tube 


ul 


Projects,“ Tab Books, Blue Ridge Summit, Pa., 
1969, p 149. 


HEP 580 


PTIONAL, 
OPTIONAL oust 24NPUT 


HEP 583 
J-K FLIP FLOP 


IC FREQUENCY STANDARD—Accurate, com- 
pact, and simple-to-operate 100-kHz crystal 
oscillator and flip-flop frequency divider for 
checking or aligning frequency settings of 
receivers. Has harmonic-rich square-wave 
outputs at 100 and 50 kHz, from which lower 
values can be obtained by adding various 
combinations of divide-by-2 and divide-by-5 
\C flip-flops.—Tips on Using 1C’s,” Motorola, 
Phoenix, Ariz., HMA-32, 1968. 


FORK-STABILIZED 400-HZ—Use of tuning fork 
in place of pulse transformer in blocking oscil- 
lator converts circuit to portable frequency 


standard with square-wave output. Circuit 


SCOPE CONNECTIONS 
HORIZ 


VERT GND 


INPUT A 
AMPLITUDE 
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400 hz 


worked 39 hr on two AA cells, using Varo 
Model 6250L-400 fork.--§. V. Scheffel, Tuning 
Fork Drives Portable Frequency Standard, 
Electronics, Nov, 14, 1966, p 122-123. 


INPUT 8 


J6 


4 


SAME CAP VALUES IN) = a 
IMPROVED CYCLOID ADAPTER—Known and EQUIV SWITCH POSITIONS AS SHOWN IN St-a 
unknown frequencies are applied to inputs 
and R2 or R3 adjusted so phase difference is 


90 deg. Shifting of phase does not affect 


magnitude of signal, so resulting cycloid pat- 
terns are much easier to read, Loops on 
cycloid are counted to give ratio of frequen- 


AMPLITUDE: 


' TALL CAPS 
x FHASING i 
Ne we m ee cee wwe! 
cies. May be used with practically any 


oscilloscope.—T, Jaski, Cycloids for Frequency 
Measurement, Rodio-Electronics, July 1965, p 
60-61. 
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FET GRID-DIP METER—Performance is equiva- 
lent to tube-type circuit. Will work up to 150 
MHz, using plug-in coils. Meter shows dip 
when unit is tuned to resonant frequency of 
coil to which it is coupled. Book gives con- 
struction details, including coil-winding data 
and calibration procedure.—L. G. McCoy, A 
Field-Effect Transistor Dipper, “The Mobile 
Manual for Radio Amateurs,” ARRL, Newing- 
ton, Conn, 1968, p 179—182. 


FREQUENCY COUNTER FOR SCOPE—Designed 
for use with kits or less expensive scopes, to 
serve in place of calibrated time base found 
on more costly instruments, for accurate fre- 
quency measurements, Consists of Schmitt trig- 
ger Q1 and monostable multivibrator Q3, with 
Q2 common to both, Circuit triggers at about 
2V. Values of R2 (ohms) and C depend upon 
frequency range, as follows: 0-250 Hz— 
15,000 and 0.0072 uF; 0-2,500 Hz—8,000 and 
0.001 uF; 0-2,500 Hz—1,000 and 300 pF; 
0~—250,000 Hz—200 and 150 pF.—R, L. Carroll, 
Simple Frequency Counter, Electronics World, 


July 1969, p 82 NOTE: TRANSISTORS ARE 2NT44 
F : 


DIODES ARE INSI4 


+15y ON 


2N2500 


DIP/WAVE METER—Uses mosfet oscillator with 

set of seven plug-in coils to cover range of 
ne 1,16 to 110 MHz, With power switch off, cir- 
. cuit becomes absorption-type wavemeter that 
measures resonant frequency of energized 
ref circuits. Needle of meter jumps upward 
slightly when frequency of oscillator in meter 


= FREQUENCY-VOLTAGE CONVERTER—Useful in 
frequency meters and for measuring carrier 
frequency drift of r-f signals after demodu- 
lation. Will operate in audio range. Uses 
fet Q3 with phase-shifted inputs to gate and 


source, wherein amount of phase shift de- 
pends on frequency and on setting of pot R. 
With 90-deg phase shift, d-< output voltage 
of phase-sensitive detector is zero. At lower 
frequency, output is positive, while higher 
frequencies produce negative output.—J. 
Kalinski, FET Phase Detector Can Be Frequency~ 
Voltage Converter, Electronics, July 20, 1970, 
p 87-88. 


matches that of L-C circuit being measured. 
With power switch on, meter measures reso~ 
nant frequency of unenergized r-f circuits. 
Book gives winding data for plug-in coils, 
Values: R1 47K; R2' 1K; R3 10K; R4 6.8K; 
Cl 50 pF; C2, C4, C5 0.01 uF; C3 0.001 BF; 
CRT 1N914; QI 3N128; M 100 4A.—"Hobby 
Circuits Manual,” RCA, Harrison, N.J., HM-90, 
p 141. 


278 ELECTRONIC CIRCUITS MANUAL 


TIME BASE IN 


MCT29P oape MO724P: 


> 


NIXIES 
{ANODES) 


SIGNAL INPUT 


% CIRCUIT USES I74WATT RESISTORS 
C'S MFGD. BY MOTOROLA 


SENSITIVITY 


CYCLOID ADAPTER FOR CRO—Based on use 
of two sine waves 90 deg out of phase, to 
produce cycloid patterns on screen from which 
tatio of unknown to known frequency can be 
seenat glance. Article gives 14 such patterns. 
Technique is comparable to that using Lissa- 
jous figures. One drawback of adapters 
shown is that changing of phase relationship 
with RT or R2 will also change amplitude, 
distorting pattern and making frequency ratio 
more difficult to recognize.—T. Jaski, Cycloids 
for Frequency Measurement, Radio-Electronics, 
July 1965, p 60—61. 


MC78BP 


MC7S2P 0 MC788P 


TEST $400 UNIT MEASURES CB FREQUENCIES—Uses 
IC‘s and Nixies in special circuits to cut cost 
BEC. while meeting FCC requirement of 0.005% 
° measuring accuracy. Combines Motorola and 
Fairchild logic units. Control circuits, signal- 
RESET conditioning section, and main gate are 
shown. Schmitt trigger changes input signal 
to pulse train having one pulse for each cycle 
of signal input. Article gives 1C interconnec- 
tions and circuits of the three power supplies 
used.—F. E, Cody, A 50-mHz Digital Counter, 
Electronics World, March 1969, p 40-42 and 
61. 


A ciore 
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500K 
ATTENUATORS S2 OPTIONAL 16 
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as c6 Lint Ter if itn Toro N7 
7 NEATA SVT. Tot 700! TOdupt 
raar4 “* 


Si 


cifiat foe Jos fea fes 
"ol 7 


a 001 


ALL CAPS 50V UNLESS NOTED 


NOTE: To locate additional circuits in the category of this chapter, use the index at the back 
of this book. Check also the author’s “Sourcebook of Electronic Circuits,” published by 


McGraw-Hill in 1968. 


CHAPTER 35 
Frequency Modulation Circuits 


R-F INPUT STAGE—For use in high-quality f-m 
broadcast receivers. Minimum noise figure 
is 2.2 dB at 100 MHz. Article discusses 
theory of circuit design.—G. Wolf, Recent De- 
velopments in Circuits and Transistors for 
Television Receivers, Electronic Applications, 
Philips, Pub. Dept., Elcoma Div., Eindhoven, 
The Netherlands, Vol. 26, No. 4, 1965-1966, 
p 145~165. 


2K 


[3 carrier 
FREQ ADJ 
1K 


FM CARRIER 
OUT ‘7 


F~ [00pf 
MATCHING 


0.001 


FARADAY 


= 88Mc = 108Me 
MODULATOR = REG.IOV SCREEN 
UJT OSCILLATOR sod De 
500-HZ DEVIATION OF 2 KHZ—Simple ujt re- 8OMc = 120Me 


Jaxation oscillator is frequency-modulated by 
npn transistor, neither of which are critical 
as to type. Transistor input of 0.45 V at base 
sets center frequency at 2 kHz.—D. Learned, 
UJT Oscillator Makes Simple FM Modulator, 
Electronic Design, May 10, 1965, p 47—48. 


0.001 


DISCRIMINATOR 
Fe OUTPUT 


“12V 


22 asMe IF 


3 TO CONVENTIONAL 
4.5Mc 2 STAGE IF 
AND DISCRIMINATOR 


H RESONATOR GIVES LARGE F-M SWINGS— IK 0.01 

R : : 0.001 Q,~Q5= NIPPON 
Twintron H-shaped piezoelectric resonator ELECTRIC TYPE 
with Q of 4,000 acts with out-of-phase trans- = is 2S8A214 (EQUIV, 
ducers to make f-m discriminator produce ays TO 2N384 APROX) 
large change in output for small shift in fre- SHIELDED TO PREVENT OSC RADIATION 


quency. Effect is that of ultra-narrow-band DOUBLE-CONVERSION RECEIVER—Crystal in audio distortion caused by narrow i-f pass- 
discriminator, Article gives other applications overtone circuit converts 40-MHz first i-f down band, Crystal can be low-cost CB unit.— 


for Twintrons in tone communication systems. to 4.5 MHz. With crystal control, afc is not Lb. E. Geisler, Double Conversion fmproves 
—H, Baker and J. R. Cressey, H-Shaped Reso- needed. Intended for use in areas having Transistorized FM Receivers, “400 Ideas for 
nators Signal Upturn in Tone Telemetering, many f-m stations, where receiver must handle Design Selected from Electronic Design,’”’ Hay- 
Electronics, Oct, 2, 1967, p 99-106. both powerful and weak signals without den Book Co, N.Y., 1964, p 33-34. 


279 


280 ELECTRONIC CIRCUITS MANUAL 


2470pV W75V 
LK— +57.2 


-8dB ————»y=— +74 dB 


35uV 


10.7-MHZ TWO-IC I-F STRIP—Requires triple- +6508 
tuned filter ahead of first 1C to provide ree | | TT q 
quired selectivity. Available gain of strip is d 
65 dB, but limiting by second IC reduces this \ 
| 
! 


about 17 dB.—“Linear Integrated Circuits,” extn 
RCA, Harrison, N.J., 1C-41, p 283. GEN | 


O+r9V 


000! 
6BK oF 
47k IOK 


10.7-MHZ CASCODE I-F [C-—CA3028A IC r-f 
amplifier is used in high-gain, high-perform- 
ance cascode configuration in conjunction 
with CA3012 IC f-m i-f amplifier having sen- 
sitivity of 7.5 uV. 13 is TRW 22486 and T4 
is TRW 22516. Provides 155 mV audio out- 
put for 140 ZV input.—“Linear Integrated Cir« 
cuits,” RCA, Harrison, N.J., [C-41, p 217. 


75 ev = 2100 pV = 400uV 2Vems 


~l5¥ 


aR 1000p 


AMPLIFIER 


3PK 2N7TO00 


820 
FIRST OSCILLATOR FOR DOUBLE SUPERHET— 
Q3 passes only fifth harmonic (between 209 
and 219 MHz) of fifth-overtone crystal oscilla- 
tor. Negative-resistance oscillator Q4 hoosts 
Le level of fifth harmonic for injection by 14 into 
mixer of double-conversion superheterodyne 
f-m receiver using monolithic construction on 
100 pf printed-circvit card.—l. F, Barditch, Adapting 
Conventional VHF Equipment to Molecular 
Electronics, Electronic Design, Feb. 17, 1964, 
p 44-51. 


CRYSTAL HARMONIC 
OSCILLATOR 


L,=!0 TURNS NO.26 3/16 DIA 
Lp* 2 TURNS NO.26 3/16 DIA 
Ls= 7 TURNS NO. 26 3/16 DIA 


La® 21/2 TURNS NO. 26 3/16 DIA. = 
TAP 11/4 TURNS 


I 
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10,.7-MHZ IC I-F STRIP—Uses two IC r-f am« 
plifiers, one connected as cascode amplifier 
having 50 dB voltage gain, and the other 
as differential amplifier having 42 dB voltage 
gain.~—"Linear Integrated Circuits,” RCA, Har- 
rison, N.J., 1C-41, p 219. 


140 pV 445mv 15.8 mv 2Vrms 


Ts: Interstage transformer TRW #22486 or equiv. 
Ti: Ratio detector TRW #22516 or equiv. 


QO -35V 


100 
94-108Mc O—+{ 


502 
SOURCE 


RF AMPLIFIER 
CARDS 


OSCILLATOR CARD 


2NI562 


1eOOs e800 OSCILLATOR 
de 102-E Me So yoy NING 
OVERALL GAIN 20 TO 30db 
OVERALL BANDWIDTH © 20KC Oscillator injection to i-f card acting as mixer 


INDUCTORLESS 94-108 MHZ TUNER~Three tor, with potentiometers used for tuning. is achieved by Nai a Fe atic 
100-MHx R-C selective amplifiers using mono- Chief drawbacks are distortion and detuning Adapting Conventional Vv . Equipm: n i 
for signal levels above 1 mV, and instability Molecular Electronics, Efectronic Design, Feb, 


lithic construction on printed-cirevit cards are ; 
: with small changes in source impedance. 17, 1964, p 44-51. 


combined with distributed-inductance oscilla- 
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R, 16K CURRENT-CONTROLLED F-M OSCILLATOR—Q1 
CQ 0.01 pF is 11926 tetrode driving 455-kHz crystal Yi. 
Cz 0.5 wF Frequency is controlled by feeding input cur- 
Cy 82 pF rent to second base B2 of tetrode operated 
C 200 pF in reverse mode. Can be used in small f-m 
Cs 220-DF transmitters and vco applications. Supply 
- 0.5 pF voltage is 4 V. Choose CRI to allow 0.5 
L 2.5 mH mA, Thermistor is 10K Fenwal 4151.—"Se- 
L, over lected Electronic Circuitry,” NASA SP-5046, 


1966, Government Printing Office, Washing~ 


iC FRONT END—Pair of IC r-f amplifiers serves 
as complete tuner for 88-108 MHz f-m re- 


ceiver, 


N.J., (C-41, p 221, 


DEGENERATIVE 
FEEDBACK 
CIRCUIT 


+40vd-c 


10k 410k 


Book gives winding data for coils.— 
“Linear Integrated Circuits,“ RCA, Harrison, 


TALKING TO DOLPHINS~Circuit shown is 
modification of Wien-bridge oscillator in audio 
signal generator. Used to make audio output 
frequency vary with d-c control voltage de- 
rived from human  amplitude-modulated 


ton, D.C., p 18. 


O 
Vecz+9V 
OdB +22dB -13.dB +4\dB ———. 


+50 48 —-—----—— 


+10v d-c 


AUDIO 
AUDIO OUTPUT 
AMPLIFIER ( 
10 pf 


CONTROL 
VOLTAGE 


+10v d-c 


audio frequency range. 
speech, Resulting frequency-modulated hu- 


With sawtooth con-~ 


man speech is then similar to whistle signal 
of dolphin and can be used to control his 
movements. Degenerative feedback circuit 
keeps output amplitude constant over wide 


trolled voltage, can be used to sweep output 
atross entire audio spectrum for checking 
frequency response of systems.—S. L. Moshier, 
FET Oscillator Helps Dolphins Understand 
People, Efectronics, Feb. 5, 1968, p 85—86. 
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fon) 
88-108 me O~I 
22 


OUTPUT 


T, = (3 TURNS No. 26 (PRIMARY) 
11/2 TURNS No.26(0UTPUT) 
CORE = INDIANA GENERAL 


TYPE CF-102 
MATERIAL Qs 


SIMPLE F-M = PREAMP—Provides substantial 
gain across 88-108 MHz hand, by taking ad- 
vantage of low noise and high gain of tran- 
sistor and wide-band properties of ferrite 
core in transformer. Gain is about 16 dB 
at center frequency and down only 3 dB at 
band limits.—G, Costa, FM Preamp Uses VHF 
Ferrite Transformer, Electronic Design, Feb. 3, 
1964, p 51. 


F-M WITH VARACTOR DIODE—Frequency mod- 
ulator gives deviation of 75 kHz above and 
below 52 MHz. Voltage input is limited to 
200 mV. Article also describes other methods 
of using varactors in place of bulky tuning 
capacitors.—I, Carroll, Variable-Capacitance 
Diodes, Electronics World, July 1969, p 38-40, 


RFC 10 


283 


5-18 pt (~1Opt) 


“lav 


DUAL MODULATION—Modulating both emit- 
ter current and collector voltage of transistor 
in 100-MHz Hartley oscillator provides good 
linearity and stability when only small devia- 
tion is required. Deviation sensitivity is 
high, being up to 2.5 MHz per V. Modula- 
tion can be audio or video.—R. J. Turner, 
Stable F-M Oscillator Offers Sensitivity and 
Linearity, Electronics, Aug. 18, 1969, p 95. 


sa ft) 
bv 

Ly 5-1/2 TURNS 

4-30 pF #22 WIRE 

c, 1/2" DIA, 

Co) 

Lg 11/2 TURNS 

an #22 WIRE 

mS T 1/2" DIA, 


Ry 


ja 
3-30 )22nF i2OpF 


THREE-GANG TUNER—First stage uses BF200 
silicon planar transistor having low noise fac- 
and excellent signal-handling ability. 
Fixed inductance L1 matches tuned antenna 
circuit to this transistor. Oscillator stage 
TR3, operating below incoming signal fre- 
quency, delivers only 50 mV to base of mixer 
TR2, virtually eliminating oscillator harmonics 
at input of mixer without affecting conver- 
Discussion in book covers repeat- 
double-beat suppression, 


tor 


sion gain. continvous-beat 


Spot suppression, 


suppression, 


sponse suppression, image rejection, and i-f 


rejection.—Transistor Audio and Radio Cir- 
cuits,” Mullard Ltd., London, 1969, p 146. 


spurious-re- 
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AUDIO OUTPUT 


TO MIXER 
OUTPUT 


95 DB GAIN AT 10.7 MHZ—Two IC i-f ampli. © 
fler stages feed discriminator. Input limiting 
knee for strip is 30 uV. T2 is TRW 21969 
and T3 is 21590.~“Linear Integrated Circuits,” 
RCA, Harrison, N.J., 1C-41, p 291. 


+9V 
RCA~ 40468 
Pesse nena ee 7. 
1) 27t4eF Te ete: 5 
i Cin RCA DEY No 
2001 
ep [it 
{ 
° ; 
' 
See ad 
aneoia ‘ooope ~=—«« TUNER USING DUAL-GATE MOSFET MIXER— 
it Lr TA7151 mixer is preceded by single-gate mos~ 
fet r-f amplifier that provides 13 dB power 
gain at 5 mA, Total gain of tuner is 31 dB. 
Requires only three coils, with minimum shield- 
ALL RESISTORS ARE <15V 


ing. Report gives coil data and complete 
design procedure.—H. M. Kleinman, Applica- 
tion of Dual-Gate MOS Field-Effect Transistors 
in Practical Radio Receivers, RCA, Somerville, 
N.J., ST-3486, 1967. 


174 W, 10 %eCOMPOSITION / 


1000 


Pi 


13 3 13 
CARD NO.1 xe X 0.032 Inches ) CARD NO_2 (Bx xX 0.032 INCHES) 
238~—270 MHZ R-F AMPLIFIER—Used in experi- transistors are 2N700. Stability is fair, but 
mental 243 MHz to 28 MHz R-C tuner-con- = gain falls rapidly at higher frequencies if 
verter using potentiometers for tuning. All fixed bias supply is used.—l. F. Barditch, 


Adapting Conventional VHF Equipment to 
Molecular Electronics, Electronic Design, Feb. 
17, 1964, p 44-51. 
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COMPLETE 10.7-MHZ I-F STRIP—Provides 155- 
mV audio signal at output of ratio detector. 
Capture ratio varies from 5 dB at 2 uV to 1.2 
dB above 500 nV. Book gives performance 
curves.—“Linear Integrated Circuits,” RCA, 
Harrison, N.J,, 1C-41, p 287. 


anna nn = Aya - 4 


‘ 
t 
‘ 
1 
‘ 
' 
‘ 
1 
‘ 


TWO-STAGE IC 3-F STRIP—Combines high gain 
with single-stage-per-package approach. 
Both IC amplifiers are used in differential- 
mode connection. Gives i-f sensitivity of 15 
pV.—“Linear Integrated Circuits,“ RCA, Har- 
rison, N.J., 1C-41, p 289. 


R7 
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FET TWO-GANG TUNER--Use of fet in r-f in~ 
put stage gives excellent suppression of spu- 
rious responses, low noise factor, and high 
input impedance. Transducer gain of tuner 
ranges from 26 to 30 dB over f-m band. Os- 
cillator and mixer stages are conventional, 
with oscillator operating below incoming 
signal frequency.—“Transistor Audio and 
Radio Circuits,” Mullard Ltd., London, 1969, p 
156. 
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500 pt 
FM 
INPUT 

PULSE TRAIN DISCRIMINATOR—Logic gates 
1-3 convert incoming f-m signal into pulse 
train with repetition rate proportional to sig- 
nal frequency, Digital cirevit is inherently 
quieting, because all circuits remain inactive 
until they reach threshold voltage much 
greater than noise. MC790P flip-flop di- 
vides signal frequency by 4 for triggering 
mono using logic gates 4 and 5 with Cl and 
R2. Period of mvbr is 400 ns, less than half 
the period of 1-MHz center frequency for MC790P 
f-m signal. Final gate 6 inverts output and 
feeds high-frequency deemphasis network = 
that converts pulse train to audio signal 3 
whose amplitude varies in proportion to AUDIO OUTPUT ——} 5 aa I 
change in ratio of on and off times.—R. Bisey, 
No Tuned Circuits In 1C Wide-Range F-M Dis~ Co 0.001 pf 
criminator, Electronics, Nov. 24, 1969, p 108. T 


DYNAMIC 
MIKE 


MC789P 


t3y 


SIMPLE MODULATOR—Dynamic microphone, in 
series with negative supply lead of stable 
transistor oscillator, provides frequency mod- 
ulation with deviation of 4 to 6 kHz, Carrier 
frequency is in range of 3 to 4 MHz, depend- 
ing on values used for L and C in tank cir- 
cuit. Operation depends on transistor inter- 
electrode capacitance becoming part of tank 
having high L/C ratio.—R. E, Baird, Modulated 
Oscillator Makes Simple FM Source, Electronic 
Design, March 30, 1964, p 72. 


Ty: Radio Industries #18300 (or equivalent) = WV 
Tz: Radio Industries #18301 (ar equivalent) a 


CONS 


Ly: 4 T #18 bus, 5° 1D, 34”" length, 
Turns Ratio == / to 4. 

Ly: 4 T #18 bus, 4%" 1D, 34,” length, 
Ly: 1 pH 

Ly 3 T #18 bus, 0 1D, 94,” length 


Ri: 8.2 kD Ry: 1 kD C: 10 pF Cia: 3.3 pF 
R: 33 kD Ri: 120.0 G: 30-45 pF G3: 30-45 pF 
Ry 1kO Ris: 330.1 Cy 3.3 pF Ga: 10 pF 
F.M TUNER WITH I-F STAGE—Uses four npn Re 12 kD Rig 10kO C: 0.001 pF Cs: 0.001 poF 
planar silicon transistors. Power gain is 54 R27 kD Ris: 3.9 kD C3: 10 pF Ge: 0.01 pF 
dB. Image rejection at 98 MHz is 50 dB. Rr 1 KO Rig: 1.2 kO C: 30-45 pF Cir: 0.01 peF 
I-f input voltage V2 is 1.5 mV and output R330 0 Re 120.0 G: 0.001 pF Cra: 0.01 pF 
V3 is 19 mV.~—Preferred Semiconductors and Re 330.0 Rie: 330.0 Gs 3.3 pF Cig: 0.07 pF 
7 Re: 15 kD. Rio: 10 kD Cy: 240 pF Coos 2.2 pF 
components, Texas Instruments, Dallas, Texas, Rios 27 kO Reo: 3.9 kO Go: 0.82 pF 0.01 ue 
C101, 1968, p 1030. No Bee rod fi ON 


All resistors ¥/. W, ten percent tolerance. Gy: 0.001 pak Ga O01 pF 
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PULSE FREQUENCY MODULATOR—R3 varies 
repetition frequency of fast pulses linearly 
from 1,300 to 2,600 pps. Pulse width is 10 
us. D1 operates as fast switch that turns 
Q4 on and off to produce output pulses. 
Article gives design equation, performance 
curves, and detailed operation.—T. W. Sian, 
Tunnel Diode Speeds Pulse Frequency Modu- 
lation, Electronics, Jan. 22, 1968, p 73. 


10,7-MHZ MEDIUM-GAIN I-F IC—First IC is 
connected as differential amplifier, and next 
serves as wide band f-m i-f amplifier, Book 
gives transformer data.—"Linear Integrated 
Circuits,” RCA, Harrison, NJ, 1C-41, p 220, 


1500V 


400n¥ 


avems 


QI-Q5 -2N697 


tuner is not turned off for this position of 


= Source of power con be 6.3-V 1-A filament 


SCA BACKGROUND-MUSIC ADAPTER—Permits transformer connected to terminals at yvpper 
listening to continuous music uninterrupted by right. Adapter is connected between detec- 


function switch of set. Input jack should be 
connected to set through isolation resistor of 


commercials or news, on f-m subcarrier that 
is offset from regular carrier frequency of fom 
station by 67.5 kHz. Called SCA for 
Subsidiary Communications Authorization. 


tor and R-C deemphasis network of f-m re- 
ceiver, Output of adapter may be fed either 
to separate amplifier and speaker or to aux- 
iliary input jack at rear of set, provided f-m 


about 3,000 ohms, with exact value depend. 
ing on receiver used.—W. F. Splichal, Jr., 
Simple SCA Adapter, Popular Electronics, June 
1970, p 49-52. 


CHAPTER 36 
Gate Circuits 


FET BLOCKS SPIKES~When control signal 
switches from 9 V to ground, drain resist- 
ance of fet Q3 drops from several meg to 
90 ohms and cleanly transfers input signal 
to output. Arrangement eliminates differen- 
tiated spikes and other spurious signals nor- 
mally arising in bidirectional analog gates 
during switching, C2 provides common- 
mode rejection of small differential pedestal 
spikes passed by Miller capacitance of Q3.— 
T. J. Davis, Analog Gate's Output Is Cleaned 
Up By FET, Electronics, Nov. 25, 1968, p 81, 
C4 
0.01 pf 


INPUT 


+t2vde 


FASTER FALL TIME—Use of zener diode as 
switch gives low output impedance for both 
positive and negative excursions of gating 
pulse, This offsets shunt capacitance in load, 
to give fast transit times with conventional 
circuit and components. Article gives equa~ 
tion for fall times; for values shown, it is 0.9 
us, and 05 ys for rise time. Capacitor 
values are not critical, —B. 1. Wolff, Gate Gen- 
erator Arrangement Speeds Up Fall Time, 
Electronic Design, Oct. 26, 1964, p 53-54. 


VOLTS 


INPUT 


CONTROL +9v 
PEDESTAL 


OUTPUT 


OUTPUT 


Cy 
O.0lpf 


Q 
2 


Rio 
220 


3 
N3386 


CONTROL 
PEDESTAL 
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INPUT 


LOGIC 
INPUT 


GATE 


FET ANALOG GATE—With Crystalonics CAG7 
package having external components shown, 
provides either spdt or dpst action. Resist~ 
ance when ON is maximum of only 6 ohms. 
Turn-on and turn-off times are both maximum 
of 1.5 ys.—Hybrid IC's, Crystalonics, Cam-~ 
bridge, Mass,, 1969. 


logic in 


cl ga 


a 


2N3218 


2N4352 


2N4351 


2N3904 


—18v 


CIRCUITS 


2N3218 


LOGIC 
INPUT 


100K 


2N2369 


DUAL FET ANALOG GATE—Crystalonics CAG13 
package provides spst action with 500-ns 
switching speed, break-before-make, and in« 
herent zero offset voltage. Handles positive 
and negative 9-V signal levels directly from 
most logic circuits. Maximum ON resistance 
is 50 ohms at room temperature.—Hybrid 1C’s, 
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2N3906 


2N4352 


2N3904 


4,7k 


Crystalonics, Cambridge, Mass., 1969, 


MOSFET MULTIPLEXING GATE—Paralleling of 
mosfet’s QI and Q2 improves coupling char- 
acteristics of linear gate and cancels spikes 
produced by turn-on pulse. Useful in multi- 
plexing or sample-and-hold applications. 
Resistance of linear gate is 200 ohms when 
on and 10 meg when off.—J, M. Firth, Two 
MOS FET’s Form Transient-Free Linear Gate, 
Electronics, March 16, 1970, p 89. 


OUTPUT 
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SIGNAL IN O1pF SIGNAL OUT LINEAR FET GATE—Can also serve as elec. 
oO J : tronic switch for amplitude modulator.—J. H. 

— aV P+ 
Syieee Wu aan AVAVAV Ra 2 Wuiek, Jr. and M. E. McGee, Field-Effect Tran- 


t slstor Circuits, Electronics World, May 1967, 
: I p 32-33 and 75. 
6.7V 


-1t5V 
PCA 101-2 


SG-22 +10V 
CR-2 


Olt 


BLOCKING OSCILLATOR AND GATE—Produces 
standard output pulse only when input sige 
nals are applied simultaneously to both tran- 
sistors, Gate at input 1 must be wider than 
0.8-us output pulse, in order to keep Q1 con« 
ducting until output pulse is terminated. 
Diode prevents trigger feedback from input 2 
into transformer.—A. W. Zinn, Blocking Os- 


PRECISION ANALOG GATE—Uses Fairchild cillator-And Gate Produces Standard Output 
»A709 opamp with fet switches in feedback Pulse, “400 Ideas for Design Selected from 
loop. Gate is opened and closed by alter- Electronic Design,” Hayden Book Co., N.Y., 
nately driving the two switches Q2 on and 1964, p 77. 


off. Circuit operates as unity-gain inverting 
amplifier having essentially zero on-gate re- 
sistance. Isolation between input signal and 
load is nearly perfect—J. F. Gifford and M. 
Markkula, Linear IC’s: Part 5, Ins and Outs 
of Op Amps, Electronics, Nov, 27, 1967, p 


8493. O+Vce (4-5V) 


© OUTPUT 
10mA Max, 


120 7s: 
DTL NOR—Provides fan-out of 11 for tow- Ble feo 


voltage low-power noncritical diode-transistor 
logic applications.—“E-Line Transistor Appli- 
cations,” Ferranti Ltd., Oldham, Lancs., Eng- 
land, 1969, p 8. 
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AC 
SIGNAL 
+12 INPUT 
OUTPUT 
oc _ 
Nous 2N1308 
GATING A-C WITH D-C—Simple transistor ar- 
rangement achieves positive gating of 2.V 
rms anc signal by 12-V dkc input. Blocked 
signal output is 46 dB down.—T. A, Radomski, 
Transistorized Switch Provides AC Signal 
Gate, Electronic Design, Jan. 18, 1965, p 49—~ 
40, 
-i2Vv AC + 
(a) sigNaL o 
INPUT O 
12 
+ 
OUTPUT O 
INPUT 1 
200pf 
eines pag ape oye 1 
| 
| 
| 
| 
PICITIVE 
CHANNEL 
30 
NEGATIVE 
CHANNEL 


OUTPUT 


OF 
POSITIVE CHANNEL # SECS 
NEGATIVE Mae Radosh 


OUTPUT OF 


RESULTANT PULSE | | 


PULSE-SHARPENING GATE—Width of output 
pulse is determined by time interval between 


inputs 1 and 2 acting on mvbr’s Q1I-Q2 and 
Q3-Q4, which also sharpen pulse by holding 
tise and fall times to less than 5 ns. Two 
d-c amplifiers are used as drivers (dashed 


1 OUTPUT 


DIRECT~COUPLED, 
DRIVER STAGES 
box) to handle loads of up to 30 ohms.—M, 


McGee, Symmetrical Gate Delivers Narrow 
Pulses to Fan-Out, Electronics, Dec, 11, 1967, 


p 99. 


292 


+25 V REGULATED 


2N697 


FROM CONTACTS 
ON DISK 


IN4¢58 


POSITIVE-ONLY GATE—Responds only to 
peaks above zero voltage level, to prevent 
frequency-doubling of signals picked off mul- 
tiphase generating disk. Used with elec- 
tronic commutator disk having 32 contacts 
around edge to provide gating for 32 chan- 
nels.—J. P. Spacer, Jr., Pick Off Multiphase 
Signals From a Disk, Electronic Design, July 
19, 1965, p 20—23. 


Cy Rp 
{OK 


Ql 
2N2432 


OQ TO5V DC ANALOG INPUT 


10 MIXING AMP. 


PHASE-LOCKED BURSTS—Delay-line generator 
circuit is used to produce pulse bursts whose 


VIDEO CONTROL GATE—When base of tran- 
sistor is made negative by square-wave con- 
trol signal, gate passes both positive-going 
and negative-going video signals. When 
base is made positive, gate is closed. At- 
tenuation of 20-kHz signal then exceeds 45 
aB.—R. Vokoun, Bipolar Video Gate Needs 
No Balancing Circuit, Electronic Design, May 
11, 1964, p 86—87. 


RGSBA/U 


phases are locked to start of gating cycle. 
Bursts of from 1 to 10 pulses, each 25 ns 
wide, are obtained by increasing spacing of 
gating pulses from 40 to 490 ns in 50-ns in- 
crements. Q2 and RI control time interval 
of oscillations, Circuit will work at 20-MHz 
repetition rate. May be used to trigger 
time base of sampling oscilloscope.—J. Kalisz, 
Simple Gating Yields Phase-Locked Pulse 
Bursts, Electronics, Jan. 6, 1969, p 96. 
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HIGH NOISE IMMUNITY—Provides d-c noise 
immunity of 4 V minimum, for applications 
having switching transients in a-c line and 


stray magnetic or electric fields. Intended 
for low-speed systems. Maximum fan-out is 
10.—“E-Line Transistor Applications,” Ferranti 
Ltd., Oldham, Lanes., England, 1969, p 10. 


+24y 


240 
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OVeco= +12V 


O OUTPUT 
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! 1 H 
t ' 
‘ ' 
HYBRID GATE H 
; “ —e TRANSMISSION LINE a 
Hi ings acta _DRIVE—Uses third of ternal transistor and one resistor to drive Range of Silicon Integrated Circuits, Ferranti 
‘erranti B hybrid gate with single ex- 150-ohm transmission line—The Micranor II Ltd., Oldham, Lancs., England, 1967, p 64 


+ 5vdc 


@2.sma 


3K 
220pf IN914 
< 


ees 


INPUT 
{€s) 


GND aad 
es 
HIGH-SPEED FET ANALOG GATE—Crystalonics 5 


CAGIO package provides spst action with 
switching speeds of 50 ns working directly 
from logic. Maximum ON resistance is about 
aaa Shae IC’s, Crystalonics, Cam- —FAST.PULSE TRANSMISSION GATE—Operates Q3 for transmitting input signal to output, 
, ss x in current-switching mode to provide reliable Gate rejection is 100:1 for T.5-ns_pulses.— 
isolation of signal input from output when J. D. Nickell, High-Speed Pulse Transmission 
gate is turned off. Positive pulse of about Gote, FEE, July 1967, p 130. 
1.5 V at gate input cuts off Q2, to turn on 


GATE 
INPUT” 


a. 


XI 
x 


Vv 


HIGH-VOLTAGE SWITCHING—Fet pair inserted 
at virtual ground input of opamp permits 
handling signal voltages limited only by max- ¢ 
imum signal swing of opamp and its slew 
rate. Up to ten pairs of these fet switches 
may be stacked to give ten-input commutator 
for ten input signals. Will operate at switch- 
ing rates up to 100 kHz.—F. J. Honey, DTL/ 
TTL Controls Large Signals in Commutator, 
Flectronics, March 16, 1970, p 90. 


2N4342 


#15v INPUT 10k 


OUTPUT 


COMPLEMENTARY 
GATING SIGNALS 


+6¥ 


sas ps 


TYPICAL (10 UNITS) = 


CHAPTER 37 
High-Voltage Circuits 


Bt 
300V 


1,000-V_ PULSES—Combining of avalanck 
OUTPUT transistors as shown, for charging capacito 
in parallel and discharging them into load 
series, permits use of lower-voltage transit 
aiky tors for high-level pulse output stage 
load can be placed at either end of circu 
to give choice of polarity.—-E. J. Snyder oun 
A, Whetstone, Series-Parallel Connection Pr« 
duces High-Level Pulses, Electronic Design 
Dec. 6, 1965, p 52. 


,005 


INPUT +1V 


iq 


ALL TRANSISTORS NSIN10 


WIDE-RANGE INDICATOR—-Neon gives visual 
indication of presence of voltages from 90 to 
4,000 V. At about 500 V, circuit becomes 
relaxation oscillator and lamp will flash 
brightly. —W. G. Miller, “Using and Under- 
standing Miniature Neon Lamps,” H. W. Sams 
& Co., Indianapolis, Ind., 1969, p 19. 
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+16kV 


Cc 
Rg = 4-500K/2W RESISTORS IN SERIES 


16 KV D-C FROM 4.5-V BATTERY—Developed without light source. One application is fe 
for Mullard 6914 diode image converter used gery detection. Power output is 320 u.W.— 
in converting input pattern of near-infrared A. Cook, Diode Image Converter Tubes ae 
radiation into visible output pattern for vis« Their Applications, Mullard Technical Cox 
val observation or photographic recording munications, Sept, 1967, p 256—260. 
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l pve STABILIZED 10-KV D-C SUPPLY—Output volt- 
a ee eat -sy age is adjustable over range of 5-10 kV by 
Ae. a adjusting reference current at input stage of 
ee 


d-c amplifier. Maximum load current is 1 
mA dec. Voltage regulation is 5 V, or 0.05% 
at 10 kV, 9-V stabilized negative supply and 
19-V positive regulated supply operate from 
a-c line and furnish operating voltages for 
drive inverter, output inverter, and d-c am- 
plifier. Voltage multiplier steps up output of 
inverter to required 10 kV, and feeds back 
portion of output through attenuator to d-c 
amplifier that acts on input inverter to pro- 
vide regulation. Report describes operation 
in detail, and gives both design and construc- 
tion data.—10kV Stabilised £.H.T. Supply 
Using Silicon Transistors, Ferranti Ltd., Old- 
ham, Lanes., England, No. 24, 1964. 
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80kQ 


INTERNAL 
IMPEDANCE 


STARTING DIODES 


\6nF z 


FENCE CHARGER—Solid-state circuit operates 
either from 45-V battery or a-c line. In ad~ 
dition to conventional charging of single-wire 
fence enclosing horse or cow pasture, may be 
used to keep dogs out of metal garbage can 
insulated from ground by dry wood or plastic, 
Delivers disturbing but harmless electrical 
sting to any person or animal touching 
charged metal, and should therefore be turned 
off on garbage collection day, If soil is very 
dry, moisture may be required for good 
ground contact.—L, E. Greenlee, Electric Fence, 
“Electronic Experimenter’s Handbook,” Ziff. 
Davis, N.Y., 1969 Spring Edition, p 15-18, 


KRYPTON ARC DISCHARGE—Used for c-w 
pumping and other applications requiring 
continuous operation. Requires power sup- 
ply having high d-c impedance or providing 
constant current. Once d-x xenon or kryp- 
ton are discharge tube is triggered by 20-kV 
ADDITIONAL BALLAST TO 

MAKE TOTAL SUPPLY 
IMPEDANCE 5 2 kV 


EG&G TM-11 


(SkV INVERSE $1 og TRIGGER M 
250-300 Vde 30A-60A} : a oc ARC pai 
30-60A us 
cue EQUIVALENT 
15-20 V 


KRYTRON-TRIGGERED SPARK 


TRIGGER PULSE 


pulse, high voltage across arc lamp drops be- 
low 200 V d-c so diodes in main supply cir- 
cuit conduct and operate lamp continuously, 
Provides both infrared and ultraviolet output. 
—~DC Xenon and Krypton Are Discharge Tubes, 
EG&G, Boston, Mass., No, 1008, 1968. 


400 1M ENERGY STORAGE 


GAP—Four-ele- 


joce voc 


CAPACITOR { BF 


ment cold«cathode gas-filled switch tube pro- 
duces high peak current for short duration 
through trigger transformer, for developing 
20 to 30 kV pulse for triggering spark gap 
or xenon flashtube.—Krytrons—Cold Cathode 
Switch Tubes, EG&G, Boston, Mass., KR-100, 


FLASHTUBE 
OR TRIGGERED 
SPARK GAP 


1968, 3 
TRIGGER RELAYS 
TRANSFORMER 
/ S00Vi4 
TRIGGER bo 
ae ee We 
SPARK-GAP SWITCH—High-voltage — trigger 


transformer turns on spark gap with 5 to 25 
kV pulse when capacitor discharges through 
primary. When gap is triggered, full 10 kV 
of main storage capacitors is applied to two 
flashtubes, making them fire. Storage ca- 
pacitors then begin charging automatically 
for next flash. Protective relays short stor- 
age and trigger capacitors through appro- 
priate resistors when power is off, while relay 
in primary of trigger transformer prevents 
accidental firing of lamps. Used in studying 
excited-state processes in organic molecules, 
~D, N. Bailey and D. M. Hercules, Flash 
Photolysis—A Technique for Studying Fast 
Reactions, Journal of Chemical Education, Feb. 
1965. 


FLASH TUBES 


H.F CHOKES 


KILO VOLT 


METER 
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SCR ELECTRIC FENCE CHARGER—Generates 
Isms pulse once per second, with short-circuit 
current and total energy limited to safe value 
by characteristics of capacitor amd automotive 
ignition coil used. Power transformer isolates 
asc line from fence circuit. Will easily handle 
quarter-mile of fence, Power consumption is 
about 20 W. Grounding of line by sunflowers 
or other plants will not damage charger but 
will cause rfi and reduce strength of voltage 
pulses, Direct short will blow fuse in primary 
of transformer. Neon flashes once per second 
to indicate charger is working.—E. T. Hansen, 
SCR Electric Fence Charger, Radio-Electronics, 
July 1965, p 35~37. 


-2kVv 


4790 uw 


AUTO IGNITION 
COIL 6 OR I2V 


2-KV SUPPLY FOR CRT NUMERICAL DISPLAY— 
Uses d-¢ converter operating at 20 kHz with 
transistor BD121 to step up 6-V d-c supply 
to 2-kV accelerating voltage required by crt 
for figure-8 numerical character generator. 
Diodes D40 and D41 are BAY39 and other 
diodes are BY153.—A. P, Tanis, Numerical 
Display with Bar Matrix Character Generator, 
Electronic Applications, Philips, Pub. Dept. 
Elcoma Div., Eindhoven, The Netherlands, Vol. 
27, No. 2, 1966-1967, p 73-83. 


itty wary 


S6V-~—- 
32a -- 
2 28V~~s, 6Opts 
O 25ps O 25s 
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28 V TO 3,500 V—Only one scr is needed, 
because resonance of transformer primary 
forces scr to turn off. Pulse generator for 
triggering scr can be operated at up to 3 
kHz. Load capacitor can be capacitance of 
pulse-forming network if load is thyratron 
for switching energy from network to 200- 
ohm load. With fixed resistive load, feed- 
back from load to pulse generator for chang- 
ing frequency can be used to regulate load 
voltage.—W. B. McCartney and &. 0. Uhrig, 
Inverter Uses Only One Silicon-Controlled 
Rectifier, Electronic Design, Nov. 23, 1964, p 
61-62. 


20 AT 5 AMP 


ARC-LAMP STARTER-—Simple scr power supply 
boosts 20-V dec input to 20 kV a-c for starting 
arc lamp having 2-cm gap. Inexpensive 
standard auto ignition coil, modified to give 
required 200:1 ratio, was used for L1. Duty 
cycle is less than 10%, permitting use of less 
expensive scr’s thon those shown.—D. Duffy, 
Low-Cost SCR Multivibrator Yields 20 Kv from 
20-V Input, “400 {deas for Design Selected 
from Electronic Design,” Hayden Book Co., 
NLY., 1964, p 214. 
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High Voltage Vacuum 


+10,000 VOLTS 
9 


OPTOELECTRONIC OVERLOAD PROTECTION— 
Intermittent short-circuit in tube, or other over- 
joad that causes increase in average current 
through neon lamp of Raysistor, reduces re- 
sistance of its photocell, to energize low-cur- 
rent relay which in turn pulls in high-voltage 
vacuum relay to open circuit and prevent 
damage to components. Response time is 
rapid because current flows continuously 
through lamp circuit. For higher load cur- 
rent, change to CK1108 having filamentary 
lamp.—Raysistor Optoelectronic Devices, Ray-~ 
theon, Quincy, Mass., 1967, p 15. 


Re 


CELL 


TRIGGER IN 


POCKEL CELL PULSER—Two EG&G Krytron gas- 
filled switch tubes generate up to 10-kV 
pulses at repetition rates from 50 to 750 pps 
for switching pockel cell crystals. Output 
coax serves as energy storage capacitor in 
series with RI, to permit locating pulser sev- 
eral feet away from cell—Krytron Pockel Cell 
Pulser, EG&G, Boston, Mass., No. KN-22, 1968. 
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GAS IGNITION—Timing circuit, switching cir« 
cuit, and high-voltage transformer, in unit 
called Electronic Match, produce 18,000-V 
spark at gap once per second, as substitute 
for pilot flame in gas appliances.—F, Egan, 
Whether It’s Cold or Whether It’s Hot... , 
Electronic Design, April 12, 1967, p 17-22. 
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MULTI-OUTPUT FIBER OPTIC 
ALBION OPTICAL L& 
TYPE #671F 


FLASH-TRIGGERED SERIES-SCR HIGH-VOLTAGE 
SWITCH—Xenon flash acting on ten photo- 
transistors through fiber optics provides simul- 
taneous friggering of ten scr’s in series, for 
applying 6,000-V power pulse to load. 
Triggering with light gives simultaneous firing, 
without inductive delays occurring with con- 
ventional wiring, and also eliminates need 
for costly special trigger transformers to 
handle high voltages involved. Used in high- 
voltage crowbars and pulse-forming net- 
works.—“Semiconductor Power Circuits Hand- 
book,” Motorola, Phoenix, Ariz., 1968, p 6— 
23. 


tre 


HIGH-VOLTAGE CIROUITS 


2-KV PULSE-GENERATING SWITCH—When 5-V 
pulse is applied to input to turn on QU, re+ 
maining four mesa transistors {connected in 
series and operating in avalanche mode) are 
turned on to serve as economical high-voltoge 
switch for generating 2-kV negative-going 
output pulse.—S, A. Ritterman, A 2-KV 0.1-A 
Switch Uses Mesa Transistors, Electronic De- 
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CRT FILAMENT 


0.0015zf 


To Bodst CAPACITOR 


sign, Oct. 11, 1967, p 102. 


HIGH VOLTAGE FOR NEON SIGNS—Cost, 
size, and weight are all much less than for 
conventional 60-Hz stepup transformer. 
Rectified 60-Hz line voltage is converted to 
1,000 Hz with scr inverter, and ferrite-core 
transformer T1 then used to step voltage up 
to desired value at 1,000 Hz. If d-c output 
is required, selenium rectifier stack CR4 should 
be selected according to current and voltage 
requirements. For 7,500 V d-c and capaci» 
tive load up to 4 mA d-c in half-wave circuit, 
CR4 can be General Electric 6RS9PH250PHB1. 
Can also be used for electrostatic precipitators 
and copying machines.~A. Adem, High Volt- 
age Power Supply for Low Current Applica- 
tions, General Electric, Syracuse, N.Y., No. 
201.18, 1966. 


5 KV FROM PENLIGHTS—Used in Matsushita 
|.5-inch-diagonal tv operating from 5-V pen- 
light batteries, Pot-type flyback transformer 
core prevents induction of high-voltage pulses 
into other circuits. Voltage multiplication 
consists of progressive sharing and transfer 
of charge from larger input capacitors to 
smaller output capacitors.—R. Sasaki and K. 
Uno, Low-Power Design is Heart of Penlight- 
Powered Mini-Tv, Electronics, June 8, 1970, 
p 106~113. 
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CHAPTER 38 
Hobby Circuits 


PANIC BUTTON—Press button and get true 
siren wail. Article gives construction details.— 
“Solid State Projects Manual,’ Motorola, Phoe- 
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nix, Ariz., 1968, p 17-20. 
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ALL TRANSISTORS -2N404 
CRAPS—Three-stage binary counter drives 
seven pilot lamps arranged like dots on dice. 
Counter is driven by free-running multivibrator 
(above 60 kHz) that is started and stopped 
by single-pole momentary-throw switch or by 
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ALL DIODES -IN34/A OR INII8 OR EQUIV, 


ALL PLUS ~ #48, 2V AT 60mA 
touching alligator clip to terminal. Breaking 
circuit makes counter stop at one of ifs six 
possible states, in true random fashion cor- 
responding {fo rolling of hand-thrown dice in 
crap game. First and eighth states of counter 


are inhibited, to eliminate unwanted decimal 
numbers 0 and 7. For actual game, switch can 
be actuated twice to simulate rolling two dice, 
or two identical circuits can be built.—A. L. 


Plevy, Electronic Dice, Electronics World, Oct. 
1968, p 82-84, 


HOBBY CIRCUITS 
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CR, through CRs $K3020 


silicon rectifier, 
type 1N270 
any 12-volt lamp 
drawing 150 mil- 
liamperes or less 
transistor, RCA 


1, through I, 


QQ, through Q, 


OBNOXIOUS NOISEMAKER--Q1-Q2 start with 
loud low-pitch wail that increases in frequency 
Yo very high shriek, then suddenly drops back 
to low tone and starts over again. Q3.Q4 
provides sufficient amplification for speaker to 
disturb entire apartment building. May be 
used either to break lease or collect hospitali- 
xation for broken nose.—§, Breskend, “The 
Lease-Breaker” and ‘The Drip,’ Popular Elec- 
tronics, Feb. 19648, p 33-35. 
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X1,X2, X3,X4 = 1N2482 

81 * SYLVANIA ELECTRIC 
OM, B.-215 

Tl « STANCOR P-6469 
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SPEED CONTROL 
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!2 VOLTS 
tL» {FULL -WAVE 
RECTIFIED AC) 


CRAP GAME—Gate and driver circuits shown 
are used to drive seven lamps at upper right 
that flash randomly for few seconds and then 
Stop at pattern corresponding to numbers 
from 1 to 6 on dice. Eliminates problem of 
loaded dice. Book gives construction details, 
—"Hobby Circuits Manual,” RCA, Harrison, 
N.J., HM-90, p 131. 


Ri through Rs = 1200 ohms, 1/2 
watt, 10% 

R; through Ris = 680 ohms, 1/2 
watt, 10% 


MODEL TRAIN CONTROL—Provides smoother 
control of speed than conventional wire- 
wound rheostat, D-c output of about 25 V is 
applied to tracks through miniature self- 
resetting circuit breaker BI.—J. P. Shields, 
“Novel Electronic Circuits,” H. W. Sams & Co., 
Inc., Indianapolis, Ind., 1968, p 15. 
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RUNNING OSCILLATOR FOR SLOT MACHINE— 
Electronic slot machine uses three vertical col- 
umns of lights instead of spinning wheels. 
Oscillator circuit shown is used in two ver- 
sions, as running oscillator producing pulses 
at rapid rate when power is applied, and for 
three stop oscillators each producing a pulse 
about once every 4 5 but at different rates 
for as long as power is on. Book tells how 
to connect oscillators with flip-flops, NAND 
gates, shift registers, and lamps for completely 
random scoring action.—“Hobby Circuits Man- 
ual,” RCA, Harrison, NJ., HM-90, p 121. 


Running Oscillator (1 req’d) 
Ci = 2 microfarads, 15 volts, electro- 
lytic 


oo 


CRAP GAME—Digital pulser and six-stage 
shift register are used in circuit far actuating 
arrangement of seven lamps that flash ran- 
domly for few seconds and then stop at paf- 


C,; = | microfarad, 25 volts, electro- 
lytic 
Cz = 500 microfarads, 25 volts, elec- 
trolytic 
Cs = 100 microfarads, 6 volts, elec- 
trolytic 
C4Cethrough Cy, = 0.05 microfarad, 
25 volts or 
greater, ceramic 
Cs = 10 microfarads, 25 volts, elec- 


trolytic 
CR, through CRs 


silicon rectifier, 


type 1N270 
CR:CRz = silicon rectifier, RCA 
SK3030 
Q.Q. through Q, = transistors, RCA 


S$K3005 


TO TERMINAL 
No.7 


8, 


OUTPUT 
tern corresponding to numbers from 1 to 6 on 
dice. Book gives construction details.— 
“Hobby Circuits Manual,” RCA, Harrison, N.J., 
HM-90, p 132. 


Qs = transistor, RCA SK3020 


Qs Qio through Qis = transistor, 
RCA SK3010 

Ri = 1500 ohms, 1/2 watt, 10% 

R2Ra = 47ohms, 1/2 watt, 10% 

Rs = 27,000 ohms, |/2 watt, 10% 

R« Rz Riz through Ris = 1000 ohms, 
1/2 watt, 
10% 

Rs = 3300ohms, 1/2 watt, 10% 

Re = 15 ohms, 1/2 watt, 10% 

Rs = 5600 ohms, 1/2 watt, 10% 

RwRn = 470 ohms, 1/2 watt, 10% 


Ri through Roe = 270 ohms, 1/2 
watt, 10% 


Rs 


= transistor, RCA SK3005 

transistor, RCA SK3020 

1500 ohms, 1/2 watt, 10% 

= 47 ohms, 1/2 watt, 10% 

= 1000 ohms, |/2 watt, 10% 

= 15,000 ohms, 1/2 watt, 10% 

= 4700 ohms, | /2 watt,10% 
Stop Oscillator (3 req’d) 

= 100 microfarads, 15 volts, 
electrolytic 

= transistor, RCA SK3005 

= transistor, RCA SK3020 

= 1000 ohms, 1/2 watt, 10% 

= 68 ohms, | /2 watt, 10% 

1000 ohms, 1/2 watt, 10% 

= 27,000 ohms, 33,000 ohms, 
39,000 ohms, one in each of 3 
oscillators 

= 470 ohms, !/2 watt, 10% 


Qi NPN Transistor 

Q2 PNP Transistor 

RRB 68,000 {2 Resistor % watt 10% 
R2 22,000 $2 Resistor 4 watt 10% 
R4 47 $2 Resistor % watt 10% 

ci 50 UF 12V Electrolytic 

C2 0.05 KF Dise. Ceramic 

C3 100 MF 12V Electrolytic 


StREN—Operates from 9-V transistor radio bat+ 
tery, driving speaker to produce piercing wail 
that rises and falls. Can be used as home 
or garage burglar alarm, auto theft alarm, or 
for enlivening dull party.—Calectro Handbook, 
GC Electronics, Rockford, Ill., FR-69-C, p 42. 


5 6 


ELECTRONIC SLOT MACHINE-—Circuit is one 
of three identical NAND gates used with other 
digital circuits to simulate random action of 
spinning-wheel slot machine, with three col- 
umns of lamps indicating score. Book gives 
construction data. Values: RI 1K; R2-R3 10K; 
Cl 0.1 uF; Q1-Q2 5K3020.—“Hobby Circuits 
Manual,” RCA, Harrison, N.J., HM-90, p 122. 


RANDOM NEON—Flashing sequence is totally 
unpredictable.—W, G. Miller, “Using and 
Understanding Miniature Neon Lamps,” H 
iH Sams & Co., Indianapolis, Ind,, 1969, p 
48. 
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RI 
1OK 


SPEEO 
CONTROL 


AQUUST 


si 
REVERSING 
SWITCH 


- 1 
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Pi 
470.0. x Vp on 
ci 
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MODEL TRAIN CONTROL~Uses scr to apply 
power to engine in pulses through rails. RT 
varies width of pulses to give smooth start+ 
ing, stopping, and spéed control.—Model Rail- 
road Control, General Electric, Auburn, N.Y., 


on RS SCR! 
RI cR2 Cl JON GISFX321 
AIOA AIOA O.5ut No. 630.15. 
Sov 
u 4 2 ene ue 


C, = 50 microfarads, 15 volts, elec- Qi 
trolytic Q2 


C. = 50 microfarads, 150 volts, elec- Ri = 


trolytic 


CRiCR2CR3CR4* = diode, RCA Ra = 


SK3016 R3 
mounted in Ra 
fuse clipfor Rs 
heat sinking Re 
F, = fuse, 125 volts, 3 amperes Ri 
1, = lamp, neon, NE-83 or equivalent Rs 


——~® INCREASE DELAY 


transistor, RCA SK 3004 
transistor, RCA SK3020 
potentiometer, | megohm, 2 
watts, linear taper 

3000 ohms, 5 watts, 10% 
47,000 ohms, 1/2 watt, 10% 
10,000 ohms, 1/2 watt, 10% 
150 ohms, 1/2 watt, 10% 
470 ohms, 1/2 watt, 10% 
180 ohms, 1/2 watt, 10% 
100 ohms, 1/2 watt, 10% 


CHESS-PLAYER TIMER—Signals end of pre 
determined interval agreed upon as thinking 
time for chess or card players. May also be 
used to provide electronic delay that allows 
photographer to get into picture before 
camera clicks. With values shown for R1, R3, 
and C2, delay range is 5—120 s, Will handle 
loads up to 2 A or 240 W.—"Hobby Circuits 
Manual,” RCA, Harrison, N.J., HM-90, p 162. 


Ro = 33 ohms, 1/2 watt, 10% 

S. = switch, 125 volts, 3 amperes, 
double-pole, double-throw, 
toggle 

SCR;* = silicon controlled rectifier, 

RCA KD2100 


*These components are available in 
SCR Silicon Controlled Rectifier 
Experimenter’s Kit KD2105. 
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SCR CONTROL FOR MODEL TRAIN-Applies 

power to engine through rails in controllable- 

width pulses to give smooth starting and F) 
stopping along with reversing. Will handle 
up to 1,2 A continuously. Transformer is 
Stancor P-6469 having 25-V secondary. 
Hobby Manual, General Electric Co., Owens- 


boro, Ky,, 1965, p 98. 


COMMON 


CERAMIC 
MIKE 


SOUND-ACTIVATED—Clap of hands or other 
sharp sound closes relay, which remains closed 
until manually reset, Sensitivity is adjustable 
with 5K potentiometer.—’Tips on Using FET’s,” 
Motorola, Phoenix, Ariz., HMA-33, 1969. 
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Tl 


| 
120 VAC 


CONTROL 


RI 
Pe Hons 0k 
INi@93 (|) INI693 speeo 


SWITCH 


RB 
SCRI 
* a GE- x) 
CRI GRE 
INI693 IN1693 
— >— 


C, = 50 microfarads, 12 volts, elec- 
trolytic 

C. = 0.018 microfarad, 25 volts or 
greater 

Q = transistor, RCA SK3020 

Q, = transistor, RCA SK3005 

Ri = 27,000 ohms, 1/2 watt, 10% 

R2 = 68,000 ohms, 1/2 watt, 10% 

Rz = 56,000 ohms, 1/2 watt, 10% 

Ri = 470 ohms, 1/2 watt, 10% 

S: = switch, any single-pole push- 
button type 

Speaker = 3.2-ohms or 8-ohms 


860 (2 


[7 ot 


POLICE SIREN—Pressing SI produces wailing 
sound that slowly increases in frequency. 
When switch is released, sound slowly de- 
creases in frequency. Increasing value of RT 
or Cl lengthens rate at which frequency of 
oscillation increases. Battery drain is only 400 
pA with SI open, so power switch is not 
normally necessary.—"’Hobby Circuits Man- 
ual,” RCA, Harrison, N.J., HM-90, p 117. 


) 
12 VOLTS 


WHISTLE CONTROL-—PXE ({piezoxide} ceramic 
material in detector serves for converting 
sound waves of ordinary whistle into audio 
signals for controlling motor-driven toy. If 
first whistle note makes TR4 conducting in 
mvbr, TR5 will also conduct and motor will 


get full supply voltage. 
mand will make bistable mvbr switch over and 


Next whistle com- 


stop) motor, Frequency of whistle should 
match that of PXE detector, in which case out- 
put of PXE detector will be about 50 mV when 
whistle is blown firmly about 20 feet away. 


Working range can be somewhat greater be- 
cause mvbr will switch over for input sig~ 
nal of about 25 mV.—PXE Detector, Philips, 
Pub. Dept, Elcoma Div,, Eindhoven, The 
Netherlands, No. 43, 1969. 


(=) 


270K 
 IBOV 
LT2-32-1 
(+) 


FLICKERING-NEON FLASHER—Uses two neon 
lamps which light alternately, with light fick- 
ering from electrode to electrode on each to 
get attention.—E, Bauman, “Applications of 
Neon Lamps and Gas Discharge Tubes,” 
Signalite, Neptune, N.J., p 154. 


SOUND-CONTROLLED TURTLE—Inexpensive scr 
is turned on and off alternately by loud shouts 
of “Gol” and “Stop!’, to drive or stop small 


d-c motor inside toy turtle. Sound picked 
up by transducer momentarily breaks ground 
on scr gate, turning on scr to energize motor. 
When motor starts, it trips shaft that moves 
lever of make-before-break switch $2 from 
Ato B, Next shout then turns off motor and 
resets switch lever to A. Requires two D cells 
for 40 hours operation.—Toying With SCR’s, 
Electronics, Sept. 18, 1967, p 46 and 48. 


CR3 


CIRCUITS 


HOBBY 


ELECTRONIC SLOT MACHINE-Three identical 
flip-flops are used with other digital circuits 
to simulate random action of spinning-wheel 
slot machine, but with three columns of lamps 
for indicating score. Book gives detailed 


PUMPKIN BLINKER—When neon lamps are in- 
stalled as shown, the lights blink from side 


COMMON 


120V 


60 Hz 
SLOT-MACHINE POWER SUPPLY—Provides reg- 
ulated voltages required by digital circuits 
used to simulate random action of spinning- 
wheel slot’ machine, with three columns of 
lamps indicating score. Book gives construc- 


O 
SCORE LAMP COMMON 
(UNFILTERED 
FULL- WAVE. 
RECTIFIED AC) 


tion data.—"“Hobby Circuits Manual,” RCA, 
Harrison, N.J., HM-90, p 123. 
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C1 Ce = 560 picofarads, 25 volts 


or greater 
C3 = 0.01 microfarad, 25 volts or 
greater 
CR: = silicon rectifier, type 
1N270 
Q,Q. = transistor, RCA 
SK3020 
RiR2 = 1500 ohms, 1/2 watt, 
10% 
Rs R4 Rs = 10,000 ohms, 1/2 
watt, 10% 
Re Rz = 6800 ohms, 1/2 watt, 
10% : 


construction data.—“Hobby Circuits Manual,” 
RCA, Harrison, N.J., HM-90, p 122. 


to side,—E, Bauman, “Applications of Neon 
Lamps and Gas Discharge Tubes,” Signalite, 
Neptune, N.J., p 154. 


C, = 2000 microfarads, 15 volts, elec- 
trolytic 

CR, through CR; = silicon rectifier, 
RCA S$K3030 
CRz = zener diode, 13 volts, | watt 
Fi = fuse, ].ampere, 3AG 


Q: = transistor, RCA SK3005 


Q: = transistor, RCA SK3009 

R:i = 1800 ohms, 1/2 watt, 10% 

Re = 68 ohms, !|/2 watt, 10% 

Ra = 470ohms, 1/2 watt, 10% 

R4= 100ohms, 25 watts, adjustable 

Si = toggle switch, single-pole single- 
throw 

T.: = transformer, primary 117 volts, 


secondary 25 volts at 1 ampere, 
Stancor No. P6469 or equiv- 
alent 
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Ci - 
lytic 
C2 - 
lytic 
C3 - 
lytic 


RI - 


R2 - 18 
R3 - 470K 
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MODEL-TRAIN SPEED CONTROL-Single ser 
provides smooth full-wave control of speed, 
along with regulation, over complete range 
from zero to full speed, for model trains or 
track-guided model race cars requiring up to 
12 V d-c.—“Silicon Controlled Rectifier Experi- 
menter’s Manual,” RCA, Harrison, N.J., 1967, 
p 84. 


CARBON HIKE INPUT ! 


af] . 


40 mfd, 250 WVDC electro- 


30 mfd, 250 WVDC electro- 


5 mfd, 250 WVDC electro- 


150, 2- watt 


117¥ AC 


117M7GT 


SIREN MODULE 


SIREN IN BOX-Solid-state electronic timer is 
combined with electronic siren. Once a curi- 
ous person turns it on, either instantly by flip- 
ping $4 or after 40-s delay if he flips S2 first, 
siren can be stopped only by pushing con- 
cealed switch $3 through hole in perfboard 
case. Will enliven dull party or conference, 
but should be recovered and turned off before 
someone throws it out window. Siren module 
is Lafayette 19E55053 or equivalent. Speaker 
is 8 ohms and 21 inches. CT is 100 uF, 6 V. 
Value shown for R1 gives timing delay of 
about 40 s for Q1-C1-R1-K1 delay circuit. QI 
is HEP250 and scr’s are GE 10EY1.—S. Daniels, 
Interval Screamer, Elementary Electronics, Mar. 
~Apr. 1970, p 62-65 and 102. 


KO204 


pi 


INCREASE SPEED 


Ko2100 


* USE THREE 5 OKM/20 W RESISTORS IN SERIES 


CONTROLLED 
CIRCUIT 


VOICE-OPERATED TRAIN—Power is applied to 
model train, electric fan, or other device con- 
nected to relay contacts, for as long as voice 
is being picked up by microphone, Relay is 
2.5K, diode is 75-mA 117-V selenium rectifier, 
Tl is Stancor A-4352, and 12 is Stancor A» 
4713.—R. M. Brown, “104 Simple One-Tube 
Projects,” Tab Books, Blue Ridge Summit, Pa., 
1969, p 109. 


REED 
Fe SWITCH feet 


co 
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i 
t 
I 
{ 
| 
{ 
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MAGNET mee 


MAGNETIC COMBINATION {LOCK—Combina- 
tion of normally open and normally closed 
magnetic reed switches can be activated only 
by correct pattern of small permanent mag- 
nets on card, Security factor increases with 
number of switches used. Normally closed 
switches are used to prevent operation with 
single large magnetic field.. Switches should 
be concealed by nonmagnetic material. Can 
be used with electric door latch or as auto 
ignition switch.—-R. M. Zilberstein, Reed 
Switches Form a Nonmechanical Lock, Flec- 
tronics, Oct. 28, 1968, p 92. 


INSANITY GENERATOR — Produces gentle- 
sounding chirp about once per second, for 
annoying next-door neighbors without in- 
curring risk of having lease broken. Sound 
is comparable to Chinese torture in which 
water drips slowly on forehead of victim 
strapped to floor, Use either small speaker or 
low-impedance earphone.—S. Breskend, “The 
Lease-Breaker” and “The Drip”, Popular Elec- 
tronics, Feb, 1968, p 33-35. 
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oO 


3807 


BATTERY 


ELECTRIC COMBINATION LOCK—Power is ap- 
plied to control circuit only if toggle, lever, or 
self-latching pushbutton switches are closed in 
one correct sequence. For all other sequences, 
alarm circuit goes off. Additional switches 
can be used to increase difficulty of finding cor- 


rect combination even if alarm is somehow 
disabled. Manual or other means should be 
provided for releasing all switches.-K, C. 
Herrick, Circuit Determines Correct Operating 
Sequence, Electronic Design, Nov. 23, 1964, 
p 62. 


SIX-LAMP RANDOM-—Gives interesting and 
unpredictable pattern of blinking neon lights, 
using few parts.—W. G, Miller, “Using and 


: 
LK CRI 


cR2 


Understanding Miniature Neon Lamps,” H. 
W. Sams & Co., Indianapolis, Ind., 1969, p 48. 


NOR GATE FOR SLOT MACHINE—Circuit is one 
of scoring gates used with other digital cir- 
cuits to simulate random action of spinning- 
wheel slot machine, with three columns of 
lamps indicating score, Book gives construc- 
tion data. Values: R1-R6& 4.7K; R7 3.9K; R8-R9 
180; CRI~CR2 5K3030; QT, Q3 S$K3005; 
Q2 $K3010.—“Hobby Circuits Manual,” RCA, 
Harrison, N.J., HM-90, p 122. 


NOTE: To locate additional circuits in the category of this chapter, use the index at the back 
of this book. Check also the author's “Sourcebook of Electronic Circuits,” published by 


McGraw-Hill in 1968. 


CHAPTER 39 


I-F Amplifier Circuits 


ALL DIODES FD 700 
ALL QECOUPLING CAPACITORS 0.01 gf 
ALL COILS MICROMETAL L52-12 


INTEGRATED AMPLIFIERS Ay,A2,A3 AND Aq ARE FAIRCHILD A703 = 
INTEGRATED AMPLIFIER Ag IS A FAIRCHILD pA 702 


45-MHZ |-F WITH IC’S FOR BRIDGE—Gives low- 
cost detector for bridge network. Logarithmic 
transfer characteristic is generated by sam- 
pling outputs of cascaded IC amplifiers Al, 
A2, A3, and A4 and combining samples in 


CRYSTAL 
FILTER 


INPUT 
FROM MIXER 


22 tent 
aks 
15v d-c Pay «Gar 


HEATHKIT F-M WITH IC’S—Two crystal filters 
and two RCA wideband high-gain amplifler- 
limiters improve performance of f-m_ i-f, 
Overall gain is 120 dB, capture ratio is reduced 
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video summing amplifier AS. Large input 
signal forces successive stages to limit in 
sequence, dropping slope of transfer char- 
acteristic 20 dB. Circuit is highly stable, but 


SUMMING 
POINT 


tlev 


{ma 
FULL SCALE DETECTOR 


slow logging makes it unsuitable for radar.— 
R. G. kane, Low-Cost IC’s Improve 45-MHz 
I Amplifier, Electronics, March 20, 1967, p 
88—89. 


CRYSTAL 
FILTER 
IN 
2,700 OO ray 
L TO RATIO 
0.01 | os | DETECTOR 
? 0.01 
9,01 510 620 0.02 }0.02 
5% 5% 
100 cx 33 = 
0.1 Ou 0.1 
T ||ro acc ano 
“= [METER AMPLIFIERS I ae 


to 1.8 dB, and adjacent-channel selectivity is 
70 dB. Four-pole lattice-design quartz crystal 
filters together give selectivity comparable to 


that of eight single-tuned transformer-coupled 
circyits.—IC’s Sound Better, Electronics, Janu~ 
ary 23, 1967, p 41-42. 
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120 OHMS 85 0HMS 
WMHO6 cs WMIIO6 c5 WMII06 cs WMII06 68 
47 47 4? 47 
o—2 5 2 
4 4 4 
{6 égnh 
ce —Hca-+ca 


60 MHZ WITH FOUR IC STAGES—Four stages 
provide total gain up to 43 dB, depending on 


“Oy 
| OUTPUT 
100k 


<@ 
47k 


TRANSFILTER—Ceramic transfilter serves in 
place of transformer as coupling element, 
and also forms oscillating element in 455-kHz 
i-f system. Frequency stability is 0.1% from 
20 to 60 C. Transistor can be either pnp or 
npn, depending on power supply, but should 
have beta of 50 to 100 and cutoff of 10 MHz. 
—C. Hartley, Oscillator Has a Transfilter As 
The Resonant Device, Electronics, Feb. 3, 1969, 
p 78. 


0 TO +6V 
AGC 


TETRODE FET WITH 40-DB AGC—Power gain 
is 15 dB in 45-MHz single stage shown. Can 
also be used as video amplifier having linear 
gain control.—J. §. Sherwin, Need High Z 
and Low C? Turn to the Tetrode FET for HF 
Design, Electronic Design, June 7, 1965, p 
20~25. 


+ 
470 207 68 
pf 


tC used, with bandwidth of 8.4 MHz overall. With Integrated Circuits at 60 Mc, Electronic 
—S. G. Shepherd and A. E, Seman, Design Design, July 19, 1965, p 32-35. 


CA3004 


SOURCE 


ca3004 


1OK 


14 i 
ist oT 

-6V 3.9 pH 

Yop 


1, Transformers T, and T; are Ferramic Q-2 Toroid Types 
Notes: (unloaded Q = 200). 
2. Transformers T: and T; are slug-tuned with carbonyl 
IT-71 material (unloaded Q = 70). 


12.-MHZ GAIN-CONTROLLED A-M 1-F—Uses stage is 60 dB and 3-dB bandwidth is 160 
three IC r-f amplifiers in cascade to provide kHz.—“Linear Integrated Circuits,” RCA, Har- 
25 dB gain per stage. Age range for first ison, N.J., IC-41, p 214. ‘ 
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(1-30) pF 


38 pF 


Input > 
{80.2) 


Lt = 12 Turns #22 AWG Wire on a Toraid Core, 


(737-6 Micro Metal ar Equiv} 


12 = 17 Turns #20 AWG Wire on a Toroid Core, 


50 OHM~ 
SOURCE 


(744-6 Micro Metal or Equiv) 


T 

10T by 3T Fao 
0.9 wH 

Notes: 1. 


2. 


TYPE 
newt 


LO) -4.5V 


12-MHZ LIMITING 1-F AMPLIFIER—Uses three 
IC r-f amplifiers in cascade to provide 26 dB 
gain per stage for fam use. Limiting action 
begins at about 30 uV.—"Linear Integrated 
Circuits,“ RCA, Harrison, N.J., 1C-41, p 213. 


Transformer T, is a Ferramic Q-2 Type (unloaded 
Q = 200). 


Transformers Ts, Ts, and T. are slug-tuned with carbonyl 
IT-75 material (unloaded Q = 75). 


+12 Ve 


Cutput 
{50:2} 


30-MHz IC-—Single-ended coupling at input 
and output eliminates transformers. Power 
gain is 50 dB, Uses Motorola direct-coupled 
high-gain iC amplifier.—R. Hejhall and B. 
Trout, Integrated Circuits for the World of 
High Frequency, “State-of-the-Art—Linears in 
Action,” Motorola, Phoenix, Ariz., 1969, p 
21-26, 


+6V 


30 DB AT 1 MHZ—Uses RCA CA3018 IC trany 
sistor array as final i-f amplifier stage and 
cascaded emitter-follower Q3-Q4 as second 
detector.—“Linear Integrated Circuits,” RCA, 


Harrison, N.J., 1C-41, p 314. 
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+6V 
ro) 


AUDIO. 
18K OUTPUT 
O 


50 wF 


Q7#200 


CA30)8 CONFIGURATION 


10-MHZ TWO-STAGE IC |-F—Uses two IC video — cation, and dec amplification. —“Linear Inte- 
amplifiers and CA3018 IC transistor array to grated Circuits,“ RCA, Harrison, N.J., IC-41, 
provide required 86-dB i-f voltage gain at  p 177. 

10 MHz along with detection, audio amplifi- 


@) 


[> 
@) 


330pt 330pf 


37db ~9db 
20 py f,200u¥ 400pv 2vrms 
Ty: INTERSTAGE TRANSFORMER TRW NO, 22486 OR EQUIVALENT ; = 
T4. RATIO DETECTOR TRW NO, 22516 OR EQUIVALENT P, Keller, Linear {C’s: Part 3—Differentia! 


10.7-MHZ [-F WITH TWO IC’S—Two RCA IC's First IC is differential amplifier, and second Amplifiers At Work, Electronics, Sept. 18, 1987, 
provide 100 dB of gain for complete i-f strip. provides limiting action along with gain.—J.  p 96-104. 
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* SELF-RESONANT 
AT 455 kHz 
oT 3.2 


50 @sussTRATE) 
e 0.05 
pF 
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455-KHZ TWO-STAGE IC [-F—Uses two IC 
video omplifiers and CA3018 IC transistor 
array to provide required i-f gain along with 
detection, audio amplification, and d-¢ ampli- 
fication,—“Linear Integrated Circuits,” RCA, 
Harrison, N.J., IC-41, p 178. 


1K 


5 ae 
CA3018 CONFIGURATION 


OPTIONAL LINK TO 
MAKE OSCILLATOR 


FET AMPLIFIER OR OSCILLATOR—Choose i-f 
transformers for 50 kHz, 455 kHz, or 10.7 
MHz. Add link coupling to convert to stable 
oscillator; use 6 turns of wire at each end.— 
“Tips on Using FET‘s,“ Motorola, Phoenix, 
Ariz., HMA-33, 1969. 


I-F WITH TWO CERAMIC FILTERS—Used in 


INPUT 


IF TRANS. 
rE 


I 
} 
1 
\ 


filter is tuned to 455 kHz and provides emitter- 


S00mf/6v 


IF TRANS 


TO 
Audlo 
AMPLIFIER 


Edge Out Costly I-F Transformers, Electronics, 


Sony model TR-1000 ten-transistor multiband 
portable radio to reduce number of compo- 
nents, simplify production and cut costs. First 


to-ground bypassing for first i-f transistor Q1. 
Other filter is double-tuned to 455 kHz, and 
provides interstage coupling.—Ceramic Filters 


Nov. 14, 1966, p 160-163. 
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12Q OHMS 
WMIIO6 cs WMIOS cs | WMNIOG 
47 
i 
ul ul 
68nh ‘68nh 
ce Hes toa ce tics 
C4 
470 “TaoTes 470 “T20T 68 
L Bt Bt 
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aE Ti 


60-MHZ FOUR-IC WITH 43 DB GAIN--Band- 
width is 8.4 MHx and power gain 13.1 dB 
for Four-stage amplifier. 


pirical approach, involving d-c measurements, 
far selecting external components that will 


Article presents em- not cause oscillation when four stages are 


FORWARD AGC 


V/ 


CERAMIC FILTER 


| MIXER 


Ip 
| otsene 


20k 


CERAMIC-FILTER I-F — Lead-zirconate-titanate 
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85 OHMS 
oe 


cs 


WMHOG 
: 47 


cascaded.—S. G. Shepherd and A. E, Seman, 
Design with Integrated Circuits at 60 Me, 
“Microelectronic Design,” Hayden Book Co., 
NLY., 1966, p 90-97. 


+94 


DETECTOR 
ANO 


LOW-PASS 
FILTER 


REVERSE AGC 


piezoelectric ceramic filter in i-f stage of low~ 
cost a-m portable radio provides selectivity 
comparable to that of three single-tuned 


transformer stages, eliminates need for align- 
ment during production, and cuts number of 
components, Used in Sony model 2R-27 radio. 


—Ceramic Filters Edge Out Costly I-F Trans- 
formers, Electronics, Nov. 14, 1966, p 160— 
163. 


NOTE: To locate additional circuits in the category of this chapter, use the index at the back 


of this book. Check 
McGraw-Hill in 1968. 


also the author's “Sourcebook of Electronic Circuits,” published by 


CHAPTER 40 
Infrared Circuits 


47k 
- 
47kO 
; aren | +" - 
it | 1BKA 
a 4 a 
50Vv 
150 12 330n 
ATK ‘ Fa g 
B3nF 
t “> + 
lOpr Tk 
1H sain a acios Bains 
ys © 
QS 2 400pF A A $3 400pF 
RPYSI 33k ezved|  gzvoa 
g 20 clo 
L. piel ech aap Ghee beeen! 
rpm disc having 16 radial slots. Circuit 
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Imoge for viewing 


Halt - gold 
rupror 


Motor 


Slotted disc 


Ratiecting 
Objective 


Object 


IC TEMPERATURE  DISTRIBUTION—Infrared 
microscope uses Mullard RPY51 indium anti- 
monide detector cooled by liquid nitrogen for 
measuring tempercture of extremely small 
aren, such as portion of integrated-circuit 
chip. Motor-driven chopper converts radia- 
tion from target to about 800 Hz with 3,000- 


features low noise and high gain stability. 
Article gives design equations and other cir- 
cuits required for complete thermal micro- 
scope system.—T. J. Jarratt, Infrared Micro-- 
scope for Temperature Measurement of Small 
Areas, Mullard Technical Communications, 
May 1968, p 101-107. 
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IR INTRUSION ALARM~—Uses Mullard ORPIO 
uncooled indium antimonide photocell in un« 
chopped system to detect objects with tem- 
peratures above 10 deg C moving across field 
of view against steady background at room 
temperature, Detector is a-c coupled to low- 


acyss 
drift differential amplifier driving alarm cir~ 
cuit. Responds to minimum angular speed of 
about 1 milliradian per second by intruder. 
R. A. Lockett, Passive Intruder Alarm Using 
Infrared Detector, Mullard Technical Commu- 
nications, May 1968, p &8&~90. 


INTRUSION ALARM—When R2 is adjusted just 
below maximum ambient illumination, slight 
increase in fight falling on photocell makes 
scr oscillate and produce loud clicking sounds 
in speaker. Frequency of clicks increases with 
illumination. Will respond to flashlight of 
intruder or to turning on of room lights in 
vacant office or home. Uses GE-X6 cadmium 
sulfide photoconductor. For infrared detection 
or fire alarm, use cadmium selenide cell.— 
“Hobby Manual,” General Electric, Owens- 
boro, Ky., 1965, p 124, 
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500K 
SENSITIVITY 
ADJUST 


SPEAKER OR 
EARPHONES 


LOCATING FIRE {N SMOKE—Uses uncooled 
lead sulfide cell with lens to pick up source 
of fire or heat when visibility is completely 
obscured by smoke, dust, or fumes, Cell is 
Mullard developmental type VI9CPY. Addi- 
tional cell R! is blacked out and serves as 
temperature-compensating load fer active 
cell, which drives adjustable-gain preamp 
that controls base currents of square-wave 
relaxation oscillator TR5-TR6. Emitter-fol- 
lower TR7 provides necessary current gain for 
driving speaker which gives low note of about 
100 Hz for no fire and increasing pitch 
up to 10 kHz for increasing infrared radia- 
tion from fire, Unit is portable and battery- 
operated, to permit use by firemen in aiming 
hose.—P, R. D. Coleby, Simple Heat Locator 
Using Infrared Detector, Muffard Technical 
Communications, May 1968, p 86-88. 


OAZ204 


IR CAMERA PULSE AMPLIFIER—Uses pair of 
BPX25 silicon phototransistors receiving light 
pulses through rotating 30-hole Nipkow sean- 
ning dise on which infrared image is focused. 
One phototransistor receives syne pulses from 
uniformly spaced holes on dise, and other 


receives pulses from scanning spiral of holes. 
Resulting electrical pulses are squared, ampli- 
fied, and applied to time bases of camera 
feeding standard oscilloscope. Motor drive 
circuit at right, for disc, applies constant volt- 
age to mofor, with 1K pot providing 10% 


“6V 


~12V 
range of speed control, Used for examining 


patients for cancerous growths, locating hot 
spots on circuit boards, and detecting flaws 
in glass furnace walls.—M. H. Jervis, Closed 
Circuit Infrared Television System, Mullard 
Ltd., London, TP950, 1967. 
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Cyto Cig: bine 
D1 to Dig: BYXIO 


12 KV D.~C—Used with Mullard 6929-1 image 
converter tube for converting near-infrared 
radiation to visible yellow-green emitted 


RR 
duvector 


stepped up to 12 kV dec by eight-stage Cack- 
roft-Walton bridge. Applications of system 
include observation of behavior of people in 
the dark, animals a? night, scatter from laser 


radiation. Uses simple blocking oscillator op- beams, and hot-spots on 
erating from 3-V battery to drive high-ratio age insulators.—Infrared 
transformer giving 1.5-kV pulses. These are Mullard Ltd., London, TP898, 1967. 


RADIATION THERMOMETER—Covers 100 to 
500 C in five ranges, using linear amplifica~ 
tion. Detector is Mullard 61SV lead sulfide 
cell having high infrared sensitivity at room 
temperature, for measuring radiant energy 
from surface of target. Energy from target 
is conducted to chopper wheel by light pipe, 
for a-¢ input to head amplifler that provides 
necessary transformation from high to low 
impedance and compensates for decrease in 
cell sensitivity with increasing ambient tem~ 
perature.—P. R. D, Coleby, Radiation Ther~ 
mometer for Temperatures Greater than 100 
deg C, Mullard Technical Communications, May 
1968, p 91-98. 


IMao 


Detector 


400pF Se 
40v | 


defective high-volt- 
[mage Converter, 


27K 
ww 


=-ve 
o bias 
current 


INDIUM ANTIMONIDE DETECTOR PREAMP— 
Will detect temperature changes from room 
temperature down to 77 deg K, with imped- 


47 
ise} 
Output 
+ + 2 
z se 200pF 
IOAZ 204 lov 
Lg 
27 
ko ko 
hs + wf) 
ance of detector increasing from a few ohms ~7V 2k 


at room temperature to about 200 ohms when 
back of detector is cooled by liquid nitrogen 
drip-feed system. Used in industrial and med- 
ical thermal scanning systems employing 30- 


hole Nipkow scanning disc.—M. H, Jervis, 
Closed Circuit Infrared Television System, 
Mullard Ltd., London, TP950, 1967. 
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CODED-LIGHT DETECTOR—Tuned amplifier fol- 
lowing phototransistor has twin-T network 
that greatly attenuates all signals more than 1 
Hz off from 2.7 kHz, Only light within this 
narrow passband will turn on TR3 and ener- 
gize load. One application is in photoelectric 
safety devices, where stray light might negate 
interruption of safety beam.—Applications of 
Silicon Planar Phototransistor BPX25, Philips, 
Pub. Dept., Elcoma Div., Eindhoven, The 
Netherlands, No. 316, 1967. 
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IR CLINICAL THERMOMETER—Covers range of 
30 to 40 C, for measuring temperature of 
external auditory canal. Closely approxi- 
mates oral measurements. Uses Mullard 
ORP!0 uncooled indium antimonide cell for 
which radiation is interrupted at about 600 
Hz by motor-driven chopper. Resulting a-c 
signal is amplified by flat-response wideband 
amplifier, mixed with signal corresponding to 
room temperature, then fed to phase-sensitive 
rectifier that derives its reference signal from 
interruption of secondary beam of radiation 
{between 10ICAY emitter and BPX25 detec- 
tor) by same chopper blade. Direct current 
from rectifier drives indicating meter. Article 
gives all circuits.—R. A. Lackett, Room Tem- 
perature Radiation Thermometer, Mullard 


Technical Communications, May 1968, p 98— 
101. 


BFYS2 


+20¥ 


2N2484 
INPUT —J “a 


5M 
(CARBON 150 pf 
FILM} (~ out 


15-HZ NUVISTOR PREAMP-—Tube input stage 


has much lower internal noise than bipolar 
transistor, and provides sufficient amplifica- 
tion to overcome noise of following transistor 


stages. 


Used in narrow-band signal proces~ 


sor for infrared radiometer. 


Gain overall is 
40 dB, with less than 0.1 dB variation from 


~—40 C to 60 C.—G, C, Kuipers, Front-End 
Nuvistor Lowers Transistor Amplifier Noise, 
Electronics, Oct. 31, 1966, p 71-72. 
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CODED INFRARED SOURCE-—Used when un- 
modulated visible or infrared beam may be 
subject to interference from nearby stray 
light sources, Gallium arsenide light-emitting 
diode is energized by mvbr whose frequency 
is adjusted to match that of coded infrared 
source. Although mvbr modulator gives 
square-wave output, typically at 2.7 kHz, 
coded~beam detector responds to fundamental 
frequency.—Applications of Silicon Planar 
Phototransistor BPX25, Philips, Pub. Dept., 
Elcoma Div,, Eindhoven, The Netherlands, No. 
316, 1967. 
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INFRARED DETECTOR—Uses BPX25 phototran- 
sistor which has good sensitivity to near 
infrared wavelengths. With two amplifier 
stages, peak input of 1 lux will produce peak 
output of 400 mV. Response at 4 kHz is 3 
dB below that at 1 kHz. Provides compact 
communication system giving secrecy and 
freedom from interference at ranges up to 


+ ve trigger pulse 


IR CAMERA TIME BASES—Circuits for X and Y 
inputs of display cro for infrared Nipkow- 
dise scanning camera are identical sawtooth 


* 680 nF frame time base 


or, 22nF  \ine 


or 40nF line 


generators except for timing capacitor 
changes indicated below diagram. Trigger 
pulses are obtained from pulse amplifier fed 


100 ft when using either £:2 collimating 
lenses or parabolical reflectors at light source 
and at phototransistor. For near infrared, 
ordinary glass Jenses are satisfactory.—Appli- 
cations of Silicon Planar Phototransistor 
BPX25, Philips, Pub. Dept., Elcoma Div., Eind- 
hoven, Netherlands, No. 316, 1967. 


time base 
** \oonF frame time bose 


time base 


-l2v 


by phototransistor. Used in medical and in- 
dustrial infrared applications.—M. H. Jervis, 
Closed Circuit Infrared Television System, 
Mutlard Ltd., London, TP950, 1967. 
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+12V 


BRIDGE BALANCE 


50-pA 
METER B2ka sin baka 


Output 


22Ma 


\ 


ePx2s 

NONCONTACTING TEMPERATURE SENSOR— 

Simple resistance bridge having Amperex 

61SV infrared photocell in one leg permits 

measuring temperature of furnace, flat iron, 

or other heated objects from distance of ran 

several feet. When bridge is balanced, meter IR COMMUNICATION DETECTOR~Uses BPX25 
will read upscale when cell resistance is de« phototransistor followed by two amplifying 
creased by exposure to infrared radiation. stages to pick up modulated infrared radia- 
~—J. P. Shields, “Novel Electronic Circuits,” H. tion in communication system. Range is over 
W, Sams & Co., Indianapolis, ind., 1968, p 11. 100 ft when using modulated gallium arse- 


nide diode as light source.—Silicon Planar 
Phototransistors, Mullard Ltd,, London, TP1 000, 
1968. 


+i2V 


IR COMMUNICATION SOURCE—Gallium arse- 
nide light-emitting diode is fed by microphone 
or other signal source driving three-stage 
amplifier. Response at 80 kHz is 3 dB be-~ 
low that at 1 kHz. Range is up to about 100 
ft when using BPX25 phototransistor at re- 
ceiving end.—Silicon Planar Phototransistors, 
Mullard Ltd., London, TP1000, 1968. 


Output | 


semameed 
Output 2 


IMO 220k ta 


LEAD SULFIDE DETECTOR PREAMP—Provides red scanning systems, such as for monitoring “av 


100k. gain of 30 and bandwidth of 16 kHz, with furnace walls.—M. H. Jervis, Closed Circuit 
optional output providing gain of 3. Detector Infrared Television System, Mullard Ltd., Lon~ 
+H20V requires no cooling, but minimum detectable don, TR950, 1967. 
or 240V temperature is 120C. Used in industrial infra- 
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+l2Vv 


sOOnF 


Ma, 


NOCPY 
200kn: 


NOCPY 
200k 


INFRARED MODULATOR—Serves as transmitter an 
for short-range communication system using FIRE ALARM—Infrared flame detector pro-~ 
modulated infrared radiation. Light source at duces voltage for actuating alarm as soon 
sutput of audio amplifier is CAY12 gallium as flame occurs in field of view of Mullard 
arsenide diode, Can be used well above 615V lead sulfide detector which contains two 
audio range, because response at 80 kHz is 119CPY cells. Upper cell is covered, and 
only 3 dB below that at 1 kHz. Peak diode serves to provide tracking with temperature 
current at 10 mA is obtained with input of changes. Circuit feeds bistable circuit 
150 mV peak from microphone or other (shown in article) that drives audible alarm 
source.—Applications of Silicon Planar Photo~ such as Mallory Sonalert.—P. R. D, Coleby, 
transistor BPX25, Philips, Pub. Dept., Elcoma Fire Alarm System Using Infrared Flame De- 
Div., Eindhoven, The Netherlands, No. 316, tector, Mullard Technical Communications, 
1967. May 1968, p 82-86. 


200 KO 


SSL OSCILLATOR—Gallium arsenide solid-state 


lamp in avalanche-transistor oscillator pro- 
duces IR pulse durations in nanosecond range, 
with infrared power output of a few mW and 
pulse repetition rates of several kHz.—L. M. 
Hertz, Solid State Lamps—Part li, General 
Electric, Cleveland, Ohio, No. 3-0121, 1970, 
p 7. 


NOTE: To locate additional circuits in the category of this chapter, use the index at the back 
of this book. Check also the author’s “Sourcebook of Electronic Circuits,” published by 
McGraw-Hill in 1968. 


CHAPTER 41 


Integrated Circuits 


sie 


ASLT IC FOR IBM 360/91—Double-level logic 
block with high fan power, predictable de- 
fays, and 5-ns propagation time utilizes full 
switching-speed potential of high-perform- 


AUDIO AMPLIFIER~Circuit shown is portion 
of single 20-pin IC containing all circuits for 
3-W British car radio except i-f filter and r-f 
tuner. Handles up to 1.5 A to produce 3-W 


DOTS 


58.80 
LOADS 


1-GHz 
phase-compensating network in emitter cur- 


ance transistors by incorporating 
rent source, Article covers design procedure 


for module.—R. F, Sechler, A. R. Strube, and 


output, Operation is similar to push-pull 
circuit but without phase splitter and output 
transformer. Uses large negative feedback 
for good linearity. Cressover distortion is 


C) ~3V 
¢ 
—S— 
DOTS 
pete” 
LOADS 


4. R. Turnbull, ASLT Circuit Design, [BM Jour- 
nal, Jan. 1967, p 74-85. 


BOOTSTRAP 


negligible—M, J, Gay, J. A. Skingley, and M, 
C, Sucker, Lots of Radio on Just One IC, 
Flectronics, Aug. 5, 1968, p 124-129, 


821 
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[ge a a ee ke 7 
l ! 
| { MICO201 AUDIO DRIVER—Designed to drive 
| R4 | single-ended pnp germanium power output 
| 100 { output transistors. Consists of Darlington input 
l stage Q1-Q2 providing ‘high input impedance 
| with both voltage and current gain, feeding 
| common-emitter amplifier Q3. Requires 12 
INPUT V d-c supply.—M, L. Deschler, Integrated Cir- 

| cuit Audio Driver Amplifier, Mallory, Indian- 
| GND apolis, Ind., APPN-1, 1968, 
| +100 = f | 
lee a ee eet 

10- 

fos 
MC1539 OPAMP—Motorola IC features open- rua 
loop gain of 120,000, high slew rate of 34 V fo- 
per 4s, input diode limiting for overvoltage basa sata 


protection, and output current-limiting pro- 
tection.—K. Huehne, The Continuing Domi- a 
nance of the Operational Amplifier, “’State- 


of-the-Art—Linears in Action,” Motorola, ‘= 
Phoenix, Ariz., 1969, p 5—13. SaTRUT LG 


30 
NOM INVERTING INPUT 


INPUT FREQUENCY 
COMPENSATION 


OUTPUT 


5 OUTPUT 
INVERTING FREQUENCY 
INPUT 2 COMPENSATION 
NON- INVERTING 3 
INPUT 


OPAMP—This popular Fairchild 4A709 IC has 
three stages, for input, coupling and output, 
with choice of common-mode input resistance 
approaching infinity or much lower differen- 
tial input resistance. Article has detailed de- 
scription of IC opamp choracteristics.—M, B. Ry 
Leeds, Linear IC’s: Part 4—Inside The Opera- 2.4k 
tional Amplifier, Electronics, Oct. 16, 1967, p , 


86-91. v- 
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OSCILLATING MIXER—Circuit shown is portion 
of single 20-pin IC containing oil circuits for 
3-W British car radio except i-f filter and '-f 
tuner. Serves as self-oscillating mixer with 
age, for handling peak signals well above 
100 mV with 41-dB conversion gain and low 
distortion, Article gives complete receiver 
circuit on chip.—M. J. Gay, J. A. Skingley, and 
M. C. Sucker, Lots of Radio an Just One IC, 
Flectranics, Aug. 5, 1968, p 124-129. 


TAA435 A-F DRIVER—Philips TAA435 IC audio 
amplifier is intended for driving complemen- 
tary output stages in medium-power audio 
amplifiers. TRI and TR2 form differential 
amplifier permitting both a-c and d-c feed. 
back to be applied. Input impedance is 
above 70K, Supply voltage can be 10 ta 18 
V.—Complementary Output Stages Driven by 
the TAA435, Philips, Pub. Dept., Elcoma 
Div., Eindhoven, The Netherlands, No. 18, 
1968, 


NOISE 
INHIBIT 


30V MAX. 


PERFECT TUNE LAMP DRIVE—Single IC chip Interstation noise is filtered, amplified, and K. J. Peter, New Concepts in Hi-Fi Receiver 
serves as computer-type comparator circuit rectified to turn off light between stations. Design, Electronics World, Feb. 1969, p 32-34 
that turns on “Perfect Tune’ lamp when set 1C-304 chip was made by Motorola for H. H. and 69-70. 

is tuned to exact center point for f-m station. Scott hi-fi f-m receiver.—L. W. Fish, Jr. and 
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THERMAL STABILITY IN IC PREAMP—Used to 25 uF os 
determine frequency response of experimental 
IC preamp near lower limiting frequency of 
4 Hz. Effects of thermal feedback wete ex- 
cluded as far as possible by making measure- 
ments with load resistance RL of output 
transistor increased to 10K so collector dissi~ 
pation here is negligible. Article deals with 
methods of improving thermal stability.—H. 
Schmidt, Thermal Feedback in Integrated Cir- ' 
cuits, Electronic Applications, Philips, Pub, 
Dept., Elecoma Div., Eindhoven, The Nether- 
lands, Vol, 28, Ne. 1, 1968, p 29-39. 


I-F AND DETECTOR—Circuit shown is portion 
of single 20-pin IC containing all circuits for 
3-W British car radio except i-f filter and r-f 
tuner. Provides only 40 dB gain because 


THERMAL FEEDBACK IN IC PREAMP-Experi- 
mental multistage IC preamplifier was de- 
veloped to investigate transmission properties 
of heat path from output transistor TRS to 
input transistor TRI. With switch in position 
a, TR5 has constant collector dissipation, for 
investigating thermal switching-on transient. 
With switch in position b, sinusoidal heat 
wave is generated in TRS at frequencies rang. 
ing from 3 to 400 Hz, and propagation and 
phase shift of wave are analyzed, Article 
presents methods of improving thermal sta- 
bility in integrated  cirevits.—H. Schmidt, 
Thermal Feedback in Integrated Circuits, 
Electronic Applications, Philips, Pub, Dept., 
Eleoma Div., Eindhoven, The Netherlands, Vol. 
28, No. 1, 1968, p 29-39. 


AGC SIGNAL 


An~F OUTPUT 
oO 
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used with mixer having 40 dB gain. Detec 4. A. Skingley, and M. C. Sucker, Lots of Radio 
tor is directly coupled to final i-f. Input from on Just One IC, Electronics, Aug. 5, 1968, p 
mixer is about 200 mV rms. Article gives 124-129, 
complete receiver circuit on chip.—M. J. Gay, 
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TAA293 AMPLIFIER—Contains three transistors 


BK arator is followed by common-emitter stage 
and four resistors, which con be connected fo ad emitter-follower aes with 6-V aie 
minim ; 

um of external components for use as 3 for shifting output voltage level to give sym- 
voltage-operated or current-operated Schmitt 


metrical swing about ground with bipolar 12- 
V supply.—R. C. Foss and 8. J. Green, The 
$1700 Series and Applications, Plessey, Swin- 
don, England, No. 7. 


trigger, astable mvbr, or mono mvbr.—The 
TAA293 as a Schmitt Trigger and Multivibra- 
tor, Philips, Pub. Dept., Eleoma Div., Eind- 
haven, The Netherlands, No, 25, 1968. 


$1701 D-C AMPLIFIER—Uses precision compa- 
rator front end with Darlington compound 
pairs in long-tailed pair configuration. 


Com- 


ER. 
S 


60 pF 


y 


00 


‘DS 
10 


200 


4 


60 pF 
60 pF 
a we clear. Counter can be preset to any desired 
ode 90% condition. Will operate a? 20% above ond 
: iliti i -V ly requirement.— 
i iti 4 abilities. below nominal 5-V supply . 
DECADE COUNTER—Motorola MC938F IC will to increase capacitive drive capabi Rae Ba oenien ay: 


operate at counting frequencies up to 20 
MHz. Uses active pull-up devices in outputs 


Outputs correspond to 


standard 8-4-2-1 bed, 


with individual direct sets and common direct 


Ariz., PS65, 1967. 
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ATTENUATOR ' 


QO 2) 
eae ¢ ee 
BANDPASS SHAPING 


VOLTAGE VARIABLE 3~STAGE 
WIDEBAND AMPLIFIER 


PHILCO-FORD PA7601—Uses voltage-variable 
attenuator for gain control to preserve fre- 
quency response, and input transistor with 
emitter degeneration in amplifying portion of 
IC to give broad bandwidth. Bandpass is 45 
to 130 MHz at 3-dB points. Article gives 70- 
MHz i-f amplifier application—D, W. Ford, 
M. M, Gutman, and W. F. Allen, Jr., It’s Not 
How Much an IC Costs—But How Much It Can 
Save, Electronics, Oct. 30, 1967, p 66-68. 


RCA CA3000 VIDEO AMP—Video-type differ 
ential amplifier has flat gain-versus-frequency 
response from d-c well into vhf region 
(around 300 MHz). Offers both single-ended 
or double-ended output. Presence of dif- 
fused resistors RI and R2 in collector legs of 
amplifier identifies video-type IC. Article 
describes methods of adapting to narrow 
band and other applications—J. P. Keller, 
Linear IC’s: Part 3—Differential Amplifiers At 
Work, Electronics, Sept. 18, 1967, p 96~104. 


TAA300 AUDIO AMPLIFIER—Delivers 1 W au~ 
dio power to 8-ohm load when operating 
from 9-V battery, at 10% distortion. Con- 
sists of differential-amplifier input stage TRI- 


TR2 heaving 15,000 ohms input impedance, 
driver stage with TR3 providing d-c coupling 
to TR4 and TRS in cascade, and direct-coupled 
single-ended push-pull output stage using re- 


maining transistors.-A. M. Peters, TAA300 
Integrated 1 W Class B A. F. Amplifier, Philips, 
Pub. Dept., Elcoma Div., Eindhoven, The 
Netherlands, No. 136, 1969. 
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TAA300 1-W AUDIO AMPLIFIER—Contains 11 10 \ 


transistors and 5 diodes mounted on 2-mm ~The Amperex TAA 300 Monolithic Inte- Amplifier, Amperex, Slatersville, R.l., $-138, 
silicon chip with 14 resistors and 1 capacitor, grated Circuits Used as a Complete Audio 1968. 


+Vq (412¥) 


TAA241 DIFFERENCE AMPLIFIER—Input stage 
TRI-TR2 is difference amplifier, with TR3 in 
common emitter branch to insure high com- 
mon-mode rejection ratio. TR7, TR8, and 
TRY together form output stage, giving zero 
output when there is no input signal. Out- 
put impedance is about 200 ohms. Open- 
loop voltage gain can be as high as 6,000. 
~J. Cohen and J. Oosterling, Applications of 
a Practical D. C. Difference Amplifier, Philips, 
Pub. Dept., Elcoma Div., Eindhoven, The 
Netherlands, No. 321, 1968. 


WIDEBAND AMPLIFIER—Circuit shown is that 
of RCA CA3023 IC, specifically designed as 
multistage i-f amplifier providing up to 60 
dB of gain up to 10 MHz. Emitter-follower 
Q3 provides impedance matching and level 
shifting between voltage amplifiers Q] and 
Q4. Emitter-follower Q6 provides low-im- 
pedance output, while Q2 and Q5 provide 
age.—H. M,. Kleinman, IC RF. and LF. 
Amplifiers, Electronics World, July 1968, p 
45~48. 
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LM108 SUPER-BETA OPAMP—Design goals for 
National Semiconductor 1€ included lowest 
possible input currents and minimum power 
consumption. Output swings te within ? V 
of supply voltages which may be as low as 
2 V. Requires external compensation.—Op- 
Amp ICs With Super-Gain Transistors, FEE, 
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|GOMPENSATION 


COMPENSATION 


Nov. 1969, p 16, 19-20, 22, and 24. 


CONVENTIONAL 


OUTPLT 


TRANSISTO! 
. 820 
SUPER-GAIN 
TRANSISTOR 
+4. v- 
R Ris 
500 ik 


POWER SUPPLY 


4-0 On 


JF AMPLIFIER 


COMPUTER SENSE AMPLIFIER—Includes bal- 
anced differential amplifier fed by active con- 
stant-current source, pair of emitter-followers, 
common-emitter pair, three-resistor network, 


and output amplifier stage, as used in Syl- 
vania MSP-24 IC. Author presents this as 
example of good IC design, that meets specs 
and has no unusual problems for manufac- 


TV SOUND I-F—RCA CA304} integrated cir- 
cuit provides 70 dB gain as i-f amplifier. 
limiter, matched diodes for f-m detector, and 
audio driver, yet is priced under $2 in quan- 
tities of 11 or more.—H. M. Kleinman, IC R. 
F, and LF. Amplifiers, Electronics World, July 
1968, p 45—48. 


turer. Nearly identical values of two com- 
ponents are easier to produce than specified 
absolute values.—H. [. Cohen, Avoiding tC 
System Design Pitfalls, Electronics, Aug. 5, 


1968, p 110-116. 
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u 129 COMPENSATION 


{INPUTS 


INPUTS 


DIODES DS AND Dé ACT AS CAPACITORS AND ARE USED TO 
BALANCE THE DETECT OR SUBSTRATE CAPACITANCES. 


aD, 
COLOR AFT—Special-function IC was devel- 
eped for automatic frequency control appli- 


pn [SO cations in color tv. Includes zener-regulated 


COMPENSATION power supply that improves perfarmance and 
; reduces system cost. Consists of 45-MHz 
DUAL OPAMP-Used as equalized preamp limiter-amplifier Q1-Q2, four-diode matrix D1- 
section of H. H. Scott Series 2500 a-m/f-m D4 forming balanced detector that converts 
compact stereo system. Input transistors. for output of phase transformer to filtered dec 
the es pera nw connected Ge: emitters signal, constant-current driven differential am- 
ee ie Pcs clageprg R. it plifier Q3-Q4-Q5 providing sufficient sensitiv. 
age Bessie Wa eae 1006 bern ity and power to permit use of low-cost tun~ 
r 7 7 P : ing element, and xener regulator D10-D11 
operating from d-c supply of 1S ta 30 V.— 
W. M. Austin, H. M. Kleinman, and J. Sund- 
burg, Application of the RCA-CA3044 and 
CA3044V1 integrated Circuits in Automatic- 
Fine-Tuning Systems, RCA, Harrison, N.4J., 
ICAN-5831, 1968. 


9D 


es | MC1566 VOLTAGE REGULATOR—Motorola IC 
is designed to float on output voltage, so 
total output voltage is limited only by ex- 
ternal series-pass transister voltage break- 
down and safe operating area. Control am- 
plifier samples output voltage directly. 
Separate differential amplifier samples output 
current and produces limiting so sharp that 
it is constant within 1% plus or minus 1 mA. 
~D. Kesner, Voltage Regulators~Old and 
New, “State-of-the-Art—Linears in Action,” 
bu éu Motorola, Phoenix, Ariz., 1969, p 14-20. 


INTERNAL REFERENCE VOLTAGE CURRENT oR outeuT 
VOLTAGE CURRENT CONTROL CONTROL AMPLIFIER 
REGULATOR SOURCE AMPLIFIER AMPLIFIER 
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MCI595 LINEAR MULTIPLIER—Motorola IC 
linear four-quadrant multiplier uses dual dif- 
ferential amplifiers with collectors cross- 
coupled to produce full-wave balanced mul- 
tiplication, Circuit analysis is given in 
Motorola Application Notes AN-489 and AN. 
490.—E., Renschler, The Monolithic Multiplier 
Breakthrough, “State-of-the-Art—Linears in 
Action,” Motorola, Phoenix, Ariz., 1969, p 


MILLER-FEEDBACK BIASING—Eliminates need 
for large-value emitter bypass capacitor in 
IC amplifier. Article also covers techniques 
for reducing resistor surface-area requirements 


27-36. in various IC cireuits.—A. Tuszynski, Skirting 
Thin-Film Design Problems, Electronic Design, 
Aug. 30, 1965, p 38-43. 
3 
11 O-— —9—- —2 14 
nN 3.0k 200 
10 
9.1k 
25k 400 400 5.0k 
+ -O7 
MC1351P TV SOUND—Designed for tv sound 8 12 stage.—TV Sound Circuit Monolithic Silicon 
i-f limiting, detection, audio preamplifier, and rms. I-f voltage gain is 64 dB. Will drive Epitaxial Passivated MC1351P, Motorola, 
driver. Output voltage swing is up to 3 V single external transistor serving as output 


Phoenix, Ariz., DS9126, 1969. 
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MCIS90 I-F AMPLIFIER~-Motorola IC is direct- 
coupled high-gain amplifier intended prima- 
tily for i-f applications up to 150 MHz. Wide- 
range age characteristic makes it suitable for 
many video amplifier applications. May be MICO101 AUDIO-VIDEO PREAMP--Ideal for 
used either single-ended or differentially tape playback and other low-level applica- 


coupled at input and at output.—R. Hejhall 
and B, Trout, Integrated Circuits for the World 
of High Frequency, “State-of-the-Art—Linears 
in Action,“ Motorola, Phoenix, Ariz., 1969, p 
21-26, 


tions where input signals are 1 mV or less. 
Frequency response extends well beyond 
radio frequencies, to about 700 kHz for 3 dB 
down. Consists of common-emitter Darling« 
ton directly coupled to amplifier Q3 for com 
bined gain of about 60 dB, Series regulator 
circuit Q6-Q7 provides power supply filtering, 
while Q4 and QS serve as constant 1.4-V 
d-c bias source. Companion MICO103 has 
two identical MICO101 chips in same pack- 
age for stereo applications.—M, L. Deschler, 
Integrated Circuit Preamplifiers, Mallory, In- 
dianapolis, Ind., APPN-2, 1968. 


ras CRE 
Shut Down 


Gontrot 


VOLTAGE REGULATOR—Motorola MCI860 IC 
includes zero-temperature-coefficient voltage- 
reference stage, d-c level-shifting regulator, 
main series regulator, and supporting func~ 
tions.—-D, Kesner, Voltage Regulators—Old 
and New, “State-of-the-Art—Linears in Ac~ 
tion,” Motorola, Phoenix, Ariz., 1969, p 14— 
20. 


CHAPTER 42 
Inverter Circuits 


10QuF 
Tz 
IN207! 
2N3273 


IMPROVED JENSEN—~Saturabfe core in con« 
ventional two-transistor Jensen inverter limits 
switching speed, reducing efficiency at high 
frequencies. Improved circuit shown, using 
cross-coupled IC gates to form 20-kHz free- 
running mvbr, has 90% efficiency and good 
voltage regulation, Frequency is independent 
of load current. Maximum output is 1 kW, 
and power-weight ratio is better than 100 W 
per Ib—P. K. Edwards, New Line-Operated 
Inverter Offers Fast Switching and High Eff- 
ciency, EEE, Feb, 1969, p 115-116, 


RTLOBIG 


SECONDARY 
20 KHZ. 
SQ WAVE 
ARNOLD 6T-417901 
2T 
BURTON 
STYLE 12479 
5 KVA 400 Hz 
56 CT: 115 V 
10T 
LOAD 
10T 
1N4747 
aT 
* for stabilizing output frequency.—”“Semicon- 


120-V A-C AT 2 KW AND 580 HZ FROM 28 wave oviput at efficiencies of 80-90% de- ductor Power Circuits Handbook,” Motorola, 
V D-C—High-power inverter produces square- pending on load. Circuit has no provisions Phoenix, Ariz., 1968, p 2-47. 
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Eqq2/50V 
A TO TRIGGER DC x 
PULSE GENERATOR 


10-KHZ PUSH-PULL SWITCHING INVERTER~ 


Operates from 150-V d-c line and delivers 500 ly 
W at 10 kHz across terminals of output trans- 
former Tl, Lower frequency can be obtained 
by using different pulse generator frequency 
and different output transformer.—“Silicon 
Power Circuits Manual,” RCA, Harrison, N.J., 
SP-51, p 196. 
: TO TRIGGER 
Di, D2 = 600-volt, S-ampere fast:tecovery dior’ PULSE GENERATOR 
= 9. . mognet wire 
Mai ae Meld Engineering Type Aa 17172 Ns = 36 turns of No. 18 magnet wire; Ns = 
(or equiv.) core Ng = 21 turns of No. 18 magnet wire; core, two 
T% = Output transformers; Ni = Ni = 9 turns sets of Siemens Type 266215-A0000-R026 [or 


of No, 18 magnet wire, two strands; Ne = equiv.) with 4-mil air gop 


+12V 


Q2 
2N3642 


SQUARE WAVE 
Osc 


Qi 
2N3642 


fa 4 kHz 


4 


CRI 
1N4154 


200 pF 
ct 


1N4154 


Q3 
2N3642 


RIPPLE = 35 mV PTOPATR, = 1002 
RIPPLE = 20 mV PTOPATR, = 10K 


3 ht heh | hall INVERTING 12 V WITHOUT TRANSFORMER— 
ov Converts single-polarity d-c source to bipolar 
I CeMSee source providing both positive and negative 

3 ov 12 V d-c for driving pair of 1C comparators. 
Requires external square-wave source but 
oscillator frequency is net critical. Zener 


ov current-limiting resistor Rz may usually be 
5 omitted.—E. W. Locheed, Jr., Transformerless 
Circuit Inverts Power-Supply Voltage, EDN, 

-11,5V July 15, 1970, p 63~64. 
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RI 01 
15k, 5W 1N3211 
c2 
8.6 uF 
at 370 VAC 


2N1848 


120-V A-C AT 100 W AND 60 HZ FROM 48 V 
D-C—Sine-wave output frequency is highly 
stable fer both input and lead voltage varia~ 
tions because drive circuit is frequency-con- 
trolled inverter having two secondary wind- 
ings, for feeding terminals S, T, X, and Y of 
output inverter. Combination jis commer- 
cially available as Felco Model W-1694 In- 


R2 02 TRANSFORMERS Ww 
1.5 k/5 W 1N3211 +4 — FOREST ELECTRIC W-1705 Yerter.—"Semiconductor Power Circuits Hand- 
T2 — FOREST ELECTRIC W-1704 book,” Moterola, Phoenix, Ariz., 1968, p 2— 
INDUCTORS 38. 
L1— FOREST ELECTRIC W-1708 R6 
L2— FOREST ELECTRIC W-1706 7.5 
L3 - FOREST ELECTRIC W-1707 Tw 
C4 100uF 50V 5 
x 
320/5 W 
DS Y 
R7 
7.5 
1N29768 TW 
T2 
1N30008 1N30008 
(MP 110} 
@ Stort of 
windings 
—o+l2v 
2 AL 
2OV 
4-W FLUORESCENT SUPPLY—Uses two BFY50 
transistors operating as square-wave push- 3 
pull oscillator driving lamp through trans- q2-vide 
former. Operating frequency is about 20 
kHz, RI and R3 are 180, R2 and R4 are 15, 
and Cis 1 yF. Report gives choke and trans« al 04 
fermer winding data for both 4-W and 6-W 
circuits.—Applications of the BFY50, BFY51 2N1588 aNtee8 
and BFY52, Philips, Pub. Dept., Eleoma Div., + 


Eindhoven, The Netherlands, No. 428, 1965. 
T1 — Phoenix Transformer PX2677 


20-V A-C AT 50 W AND 1 KHZ FROM 12 V 
D-C—Inverter driven by free-running mvbr 
provides excellent frequency regulation for 
variations in beth lead and input voltages. 
Output is square wave at 20 V rms. Switch- 
ing of output power transistors Q1 and Q4 is 


done by mvbr Q2-Q3 rather than by feed- 
back from output transformer. Useful for pre- 
cision systems requiring carefully controlled 
frequency and waveform.—'Semiconductor 
Power Circuits Handbook,” Motorela, Phoenix, 
Ariz., 1968, p 2—61. 
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Qi 
2N1554 


T1 — Forest Electric VJ~18 


TRIGGER FOR 1-KW INVERTER—U1 gene 


100 pF/S0V 


R141 
200 2/12 W 


cl 


rates 


50-Hz square wave that is fed into IC flip-flop 
U2, whose outputs are 180 deg out of phase 


and feed monostable mvbr’s U3 and U4 having 
same phase difference between their output 
After amplification, these pulses are 
fed to thyristors in stand-by inverters served 
Transformers each have 150-turn 
primary and 75-turn secondary. Trigger can 


pulses. 
by trigger. 


be permanently connected to its battery 


ply because current drain is negligible—N. 
Bergstra and R. v. d. Linden, Stand-By In» 
verter for Emergency Mains Supply, Philips, 
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120-V A-C AT 120 W AND 60 HZ FROM 12 V 
D.C—-Used to operate a-c equipment in avto- 
mobiles. Output is square wave whose mag- 
nitude varies with load and input voltage. 
Regulation from no load to full load is about 
30%, which means that 6-W increase in load 
decreases output voltage 1 V. Efficiency is 
75% at full load, which is excellent for single- 
transformer inverter.—’Semiconductor Power 
Circuits Handbook,” Motorola, Phoenix, Ariz., 
1968, p 2-52. 


BAXI3 
ae ASY27 
ie 180, 
330pF 
2OpF 
us 
s BFYSS 
TN 
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sup= 


Pub. Dept., Elcoma Div,, Eindhoven, The 
Netherlands, No. 96, 1970. 
a 
‘a Ret BTY79/600R 
8 
rrr) ie MM 
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aTygi/600R 8 
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82220 és 
‘o) 2 (- eyxaavs00 
’ 
° bene 
010 
1-KW INVERTER FOR A-C LINE FAILURE—Pro- starting circuit to prevent short-circuit at 


tects critical production operation from inter- 
ruption of a-c supply for more than a few 
cycles. McMurray Bedford inverter circuit is 
used to obtain good regulation, with special 


startup if half of. output transformer primary 


was saturated at previous shutdown. 
relays are 10 A at 220 V, 50 Hz. 


Gates of 
thyristors are fed by trigger pulses produced 


Both 


hoven, The Netherlands, No. 96, 1970. 


by separate trigger generator operating from 
12-V battery.—N, Bergstra and R. v. d. Lin- 
den, Stand-By Inverter for Emergency Mains 
Supply, Philips, Pub. Dept., Eleoma Div., Eind- 
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T1 


as 


O38 2N4441 


2N5060 


Ne p41 
1N4001 
a2 <e 
2N4919 
R2 a6 
‘a6 2N5060 7 2N4441 


2wW 


c3 
0.1 #F/100 V 


TRANSFORMERS 
T1 — CORE — MAGNETICS INC. #80623-1/2D-080 
Ng 15 TURNS OF AWG #26 WIRE 
Nc 3 TURNS OF AWG #22 WIRE 
T2 — CORE — ARNOLD GT-5800-D1 
N1 100 TURNS OF 3 AWG #22 WIRES 
N2 104 TURNS OF 3 AWG #19 WIRES 
N3  7TURNS OF AWG #26 WIRE 
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TRANSFORMERS 

Tt— ARNOLD CORE 6T-5340-01 
Na + Ng 83 TURNS EACH #30 WIRE 
No 8 TURNS #26 WIRE 


T2— PHOENIX TRANSFORMER PX2677 
350 V,1 kVA, 1 kHz 


{NOUCTOR 
C1 — PHOENIX TRANSFORMER PX1710 2 mH, 30 A 


45-V SQUARE WAVE AT 150 W WITH INVER- 
TER-DRIVEN [NVERTER—Will operate from 
10~28 V d-c and deliver 45-V a-c 400 Hz 
which is independent of load ond has high 
stability for input voltage variations. Effi- 
ciency is 70%. Drive circuit is current-feed- 
back inverter Q1-Q2 with ujt Q7 in storting 
network. Windings on timing transformer 
drive pair of sensitive-gate scr’s (Q3-.Q4) 
which in turn drive main parallel-commutated 
inverter Q5-Q6 that supplies power to 10- 
ohm load across 12.—Semiconductor Power 
Circuits Handbook,” Motorola, Phoenix, Ariz., 
1968, p 2-36. 


120-V AT 15 KHZ FROM 120 V A-C—Used to 
convert 60 Hz to higher frequency. A-c line 
voltage is rectified with very little filtering, 
for driving 15-kHz inverter that delivers 
square-wave output of 200 W with full-load 
efficiency of 88%. Provides isolation from 
a-c power line with minimum size and 
weight. Operates well on inductive loads 
and on small loads.—"Semicenductor Power 
Circuits Handbook,” Motorola, Phoenix, Ariz., 
1968, p 2-59. 
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TRANSFORMERS 
T1~ ARNOLD CORE 6T 7699D1 

Ng 54 TURNS #20 WIRE 

No 3 TURNS TWO #12 WIRES IN PARALLEL 
T2— ARNOLD CORE 3T 6464-L4 

N1 12 TURNS TWO #12 WIRES IN PARALLEL 


D1 N2 120 TURNS #16 WIRE 


M22360 N37 TURNS #20 WIRE 
C3 
THE/IOV 


2N4901 


M22360 


120-V A-C AT 400 HZ FROM 12 V D-C—Hy- 
brid-feedback inverter gives square-wave out- 
put of 400 W at efficiency above 85% for full 
range of output power. Can be used with 
fluorescent lamps, 400-Hz 90-W motor, and 
other inductive as well as resistive loads, 
Feedback winding N3 ensures starting with- 
out load.—"Semiconductor Power Circuits 
Handbook,” Motorola, Phoenix, Ariz., 1968, 
p 2-57. 


LOAD 


115-V A.C AT 10 W FROM 12-V BATTERY— 
QI-Q2 and transformer oscillate at 400 Hz 
when S17 is closed, with startup assured by 
forward bias developed across R5-R6. Series 
regulator Q3-Q4 senses output of full-wave 
bridge, which is proportional to a-c load 
voltage, and controls base drive of output 
transistors Q1-Q2 to regulate both output 
voltage and frequency. Developed as low- 
cost regulated a-c power source for mobile 
applications.—Regulated Inverter, Delco Radio, 
Kokomo, Ind., No, 37, 1966. 


Q0000 


ar 


LiandL2—TRIAD C-49 V 32 mH CT,5A 
2N4180 


Ti — TRIAD F-22A 120/6.3V 20A 


a R2 T2 — SPRAGUE 11213 
20 uF 5k 
110 VAC Q2 
28 Vv 2N4870 


7T1 120-V A-C AT 40 W AND 400 HZ FROM 28 


V D-C—Gives pure sine-wave output with 
10% voltage regulation for both input and 
12 load voltages. Can be operated indefinitely 


L2 


x with open or shorted load. Output voltage 

D2 increases from about 30 to 130 V rms as load 

Q2 is applied; load resistance must therefore be 
°2N4180 ii N4001/1N4001 Y PP’ a 


limited to certain range if voltage variations 
are undesirable, Efficiency is about 40% for 
250-ohm load.—”’Semiconductor Power Cir- 
cvits Handbook,” Motorola, Phoenix, Ariz., 
1968, p 2-33. 


LOAD 
c2 
20 LF 

100 VAC 
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Rig RCA 
15K< 40938 


ee 


q I50v DC 
Nz | Ng 


To '' To 
SCR; SCRz 


O, == Zener diode, 20-volt, 1/2-wott secondaries: Ns == Na == 100 turns of No, 36 
c= Pulse transformer; center-tapped primary: wire; core material: {ndiana General Type No. 
Ni = Ne = 150 turns of No. 36 wire; split CF902, or equiv. 


TRIGGER GENERATOR FOR INVERTER—Used 
for triggering pair of thyristors, SCR] and 
SCR2, in 10-kHz push-pull switching inverter. 
Transients that might exceed maximum rat- 
ing of ser’s are suppressed by network con 
sisting of RI, R2, R3, C2, C3, and two 1N547 
diodes, D1 and D2,—“Silicon Power Circuits 
Manual,” RCA, Harrison, N.J., SP-51, p 197. 


Ce my, 
O7 RB 
2N4442 0.1 uF 75 100 


0? 
IN4746A 


aap R2 400HH/20A 
tag vo 390 os 
2N4442 
4400 ral 1N4001 D3 DA 
5 oF 1N4001 1N4001 
2N4871 
2N4441 


Tt - T4 ~ SPRAGUE 11212 


Efficiency is about 65% at full load.—'Semi- 
12-V A-C AT 60 W AND 465 HZ FROM 28 V_— generate well-regulated square-wave output conductor Power Circuits Handbook,” Moto- 
0-C—Uses impulse-commutated ser inverter to that can be used to drive 400-Hz transformer. rola, Phoenix, Ariz., 1968, p 2-41. 


340 ELECTRONIC CIRCUITS MANUAL 


DS 


1N30398 


Ti — ARNOLD CORE GT-5502-D500 


N1 26 TURNS OF AWG #14 WIRE 
N2 52 TURNS OF AWG #14 WIRE 
N3 3 TURNS OF AWG #22 WIRE 


52-V A-C AT 100 W AND 15 KHZ FROM 28 V 
D-C—High-frequency inverter provides square~ 
wave output with efficiency of 85% at full 
load. Frequency stability is excellent, being 
dependent only on input voltage and not 
load. Excellent for applications requiring 
minimum size and weight.—“Semiconductor 
Power Circuits Handbook,” Motorola, Phoenix, 
Ariz,, 1968, p 2—54, 


SELF~STARTER—Combination of low-cost plas- 
tic-encapsulated ujt and scr provides almost 
instantaneous saturation of Q1 in inverter 


T2 


RL 


NON -SATURATING 
LINEAR 


circuit, for reliable startup at 400 Hz. Once 
inverter is operating, starting circuit stays 
turned off and hence consumes negligible 
power, Output to load is 200 W ot 115 V. 
—R. A. Phillips, Starting Network for Transis- 
tor Inverters, EEE, Feb. 1969, p 114—115. 


TRANSFORMER 


T, ARNOLO, 
61-595801 


T FOREST ELECTRIC, 
W-2010 


qT 
1N3193 
Ta 

° 
" HPV OUTPUT, 

! CORE FREQUENCY 

NO | No 
asl kHz 


CUTTING TRANSFORMER COST—Extra wind- 
ings N3 and N4 on output transformer, plus 
addition of DI and D2 to Darlington inverter, 


reduce transformer size and cost without hav- 
ing excessive dissipation of conventional Dar- 
lington approach. Circuit also gives increase 86. 


Q2 
2N3055 


in switching speed—D. M, Boaugher, Darling- 
ton inverter Features Turn-Off Drive and Low 
V-ce(sat), Electronic Design, July 5, 1969, p 
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T1— ARNOLD CORE 6T 416881 
46T OF #23 FOR EACH BASE WINDING 
5T OF 3 #18 FOR EACH COLLECTOR WINDING 


T2— PHOENIX TRANSFORMER PX-2677 


LOAD 


240-V A-C AT 1 KW AND 1,200 HZ FROM 120 
V D-C—Square-wave output is produced at 
efficiency of 92% for full load, with excellent 
frequency stability. Will operate over input 
voltage range of 20 to 160 V dec. Circuit 
will fail-safe if either input voltage or load 
is removed, even though self-excited, Has 
no starting limitations. —“Semiconductor Power 
Circuits Handbook,” Motorola, Phoenix, Ariz., 
1968, p 2-50. 


22-W AUTOMOTIVE—Uses inexpensive Ben- 
dix plastic-encased power transistors to con- 
vert 12-V storage-battery power to any 
desired higher a-c voltage determined by 
turns ratio of transformer, or to d-c voltage if 
output rectifier and filter are added,—D. E. 
Lancaster, Plastic Power Transistors—~Advan- 
tages and Applications, Electronics World, 
Feb. 1968, p 50-52. 


HEAT SINK: 
2" x a" x 1/16" 
COPPER 


TI~WESTINGHOUSE C CORE, CATALOG #425, WINDING #20 WIRE 
(B) 22;WATT INVERTER 


nee 2918-7 22s 
7 15W 


D1 
1N1189 


i-— 


120 VAC 


os 
5M2S2S85 
c2 
6000 pF 
150 V a2 10 
b2 MCR-2918-7 D3 
1N1189 4N4007 
e +1 Pit2 
11212 
SPRAGUE SPRAGUE Zz 
11Z12 


120-V A-C AT 800 W AND 400 HZ FROM 165 regulated for load changes, frequency is in- —"Semiconductor Power Circuits Handbook,” 
V D-C—Considered to be best sine-wave in- dependent of normal input and load varia- Motorola, Phoenix, Ariz, 1968, p 2~31. 
verter in use today. Output voltage is well tions, and efficiency is 60% at rated output. 
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a 8 
Scry 
GE CI4i0 
== sour 
2 uF 
c 
Say 4TuF 
Sef t 
= i5ov 
3mH 
To Snr SCRe 
T2 GE CI4i0, 
4jiHK— Rp 
+ 
LOAD 
f=22) 
CLASS A iNVERTER—Circuit is self-commu- 
tated by resonating load, for transforming 
T1 — Arnold Core 6T5800081 dec to a-c. Is most suitable for operation at 
Ne = 1 Turn #4 Wire ebout 1,000 Hz, because L-C resonant circuit 
Ng = 7 Turns #16 Wire carries full load current. Ser current is nearly 
T2 — Phoenix Transformer PX2127 sinusoidal. When SCR1 is triggered, C is 


» charged to voltage approaching 300 V (twice 
supply voltage). Current then reverses and 
flows back to supply through D1 while C dis- 
charges. SCR2 is triggered next, with cycle 
repeating at about 1,000 Hz to provide 120 
Vo aec for load.—”“SCR Manual,” 4th Edition, 
General Electric, 1967, p 228. 


35-V A-C AT 80 W AND 1 KHZ FROM 2 V 
D-C—Current-feedback inverter provides maxi- 
mum efficiency of 87% for 30-W load and 
70% for full load. Input current from 2-V 
battery has allowable range of 10-50 A. 
Starting circuit for inverter consists of RI, 
Cl, R2, C2, and Q3.—“Semiconductor Power 
Circuits Handbook,” Motorola, Phoenix, Ariz., 
1968, p 2-45. 


sw, Op CORE No2 


THERMOELEcTRIC [= 420T 
POWER SOURCE ag VOLT No22 
TA 
A 
| OUTPUT 
2N3611 
CORE Nol 


Ng] 6 aF/25 Vv 


9T CORE 
o1 34V No3 


1N2973 


2N3611 


2N4871 CORES— MAGNETICS INC 


Not S5O00Z6-2F Wr= Wo=66T No!lé 
No2 55202~-A2 
No3 55202-Az2 


TI1~— ARNOLD CORE 4T — 417901 
Ng 200 TURNS #20 WIRE 
No 20 TURNS THREE #16 WIRES IN PARALLEL 
T2 — TRANSFORMER 110-24 VCT FELCO Vs-1 
(PRODUCT OF FOREST ELECTRIC CO.) 


REED-SWITCH INVERTER—Converts 1-Vo dec 
output of thermoelectric generator to 10 V 
a-c. Low-power transistor flip-flop drives 
reed switch coils, to eliminate contact bounce 
problems. Operating frequency of 100 Hz 


120-V A-C AT 40 W AND 400 HZ FROM 12 V 
D-C—Gives frequency-stable square-wave out- 
put. Efficiency is about 80%.—Semiconduc- 
tor Power Circuits Handbook,” Motorola, 
Phoenix, Ariz., 1968, p 2-43. 


gives 1,000-hour reed switch life for 1 W de- 
livered to load, with efficiency of 65%.—J. M. 
Loe, Reed Switches Reduce Power Converter 
Cost, Electronic Design, May 11, 1964, p 80—- 
81. 


INVERTER CIRCUITS 


TURNS RATIO~ 
WT 


400-HZ INVERTER—Class C inverter with Ott 
filter converts 28 V dec to 120 V a-c at 400 
Hx with 360 W output power into 28-ohm in« 
ductive load having 20 ohms resistance. 
Input power is 424 W, for 85% efficiency, 
Article gives design equations.—“SCR Man- 
val,” 4th Edition, General Electric, 1967, p 
235-237. 


NOTE: To locate additional circuits in the category of this chapter, use the 
of this book. Check also the author's “Sourcebook of Electronic Circuits, 


McGraw-Hill in 1968. 


Qy,2 - 2N705 


SQUARER—Uses transient-free current-mode 
inverter Q1-Q2, followed by saturating in- 
verter Q3, to convert sine waves to square 
waves for driving switching circuits, Ther- 
mal stability and noise immunity are excellent 
and sensitivity is high—M. Neidich, Squaring 
Circuit Improves Symmetry and Thermal Sta- 
bility, Electronic Design, Aug. 31, 1964, p 48. 


use the index at the bock 
” published by 
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CHAPTER 43 


Lamp Control Circuits 


Ry- 6.8KR, 20 
Ro-470 

Ry-1KO 
R4~6809 

Rg -IKQ 1/2 POT 
PC. GE A35 


860-W LAMP CONTROL—Uses controlled-half- 
plus-fixed-half-wave phase control to regulate 
860-W lamp from half to full power. Light 
output range is then 30% to 100% of maxi- 


a cc 


Q)~GE C208 C7. O3afd 25V 

Og- GE 2N2646 Co-Olutd, 25V 

0) ~ GE AaIB NOTE! ALL RESISTANCES 
Og~ GE AISF V2w, 10% UNLESS 

2\~GE 24XLI6 OTHERWISE NOTED 


Ly aban 430W INCANDESCENT LAMP 


mum, regulated within 1% for 10% change 
in supply voltage. Not suitable for trans- 


former-fed loads, because this method of 
phase control gives unsymmetrical wave hav- 


ing d-c components. Photocell serves as 
feedback element in closed loop.—’SCR Man« 
val,” 4th Edition, General Electric, 1967, p 
285. 


2N5273 


120-V MAIN 


CURRENT IS 150 mA PER 
DEVICE TURNED ON 


RELAY FOR BANK NO. 1 f 120-V MAIN 


TRIAC CONTROL OF HEAVY LOADS—Low- 
power contro] arrangement turns on triacs 
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25-A LIGHTS 


25-A LIGHTS 


25-A LIGHTS 


>> 
RELAY FOR BANK NO. 2 f 120-V MAIN 


rated at 25 A, for handling large banks of 
lights or other loads.—“Preferred Semicon- 


ductors and Components,” Texas Instruments, 


Dallas, Texas, CC101, 1968, p 24608A. 


LAMP CONTROL CIRCUITS 


PREHEATER—Ujt provides preheating of re- 
petitively programmed incandescent lamps by 
triggering laser late in each half-cycle, with 
setting of R2 determining current that main- 


BATTERY-OPERATED FLUORESCENT—Will oper- 
ate 12-inch F8 fluorescent from 12-V battery 
for portable use, or from 12-V auto, boat, or 
trailer storage battery. Remove ballast and 
starter from lamp fixture and replace with 
autotransformer for which book gives wind- 
ing instructions, Inverter circuit used is high 
enough in frequency to give flicker-free illu- 
mination.—“Hobby Manual,” General Electric, 
Owensboro, Ky., 1965, p 138. 


120 V AC 


PREHEATING FOR PROGRAMMED LAMPS— 
Prevents thermal stresses on lamps that are 
optically programmed on and off for long 
periods of time. Ujt provides preheating by 
triggering laser late in each half-cycle when 


tains filament temperature just below visible 
level. RI adjusts sensitivity of lascr to light, 
to give reliable turn-on of lamp load under 
control of solid-state lamp in programmer,— 


+ oe 


BI 
2 VOLT 
BATTERY 


programmed off. This keeps lamp current at 
minimum (adjusted with R2) required to main- 
tain filament temperature just below visible 


level. R1 controls laser sensitivity to light. 
Single ujt can serve several laser-lamp circuits 
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LAMP LOAD 


LIGHT FROM 


SSL PROGRAMMER 
“wy 


L. M. Hertz, Solid State Lamps—Part II, Gen» 
eral Electric, Cleveland, Ohio, No. 3-0121, 
1970, p 17. 


__UGHT FROM 
PROGRAMMER 


if separate gate resistor RI is used for each 
laser.—E. K. Howell, The Light Activated 
SCR, General Electric, Syracuse, N.Y., No. 
200.34, 1965. 
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16T #26 


PORTABLE ULTRAVIOLET SOURCE—Converter 
circuit operates from 2.5-V rechargeable bat- 
tery and supplies 400 mA at 26 V d-c for 
F5000 ultraviolet lamp. Frequency of inverter 
is 8 kHz.—"'Circuits Manual,” Motorola, Phoe- 
nix, Ariz., 1965, p 7-1-7. 


2N2912 


2N2912 


MDA 920-2 


ARNOLD CORE 6T 8043 DI 


R 

F 

| 

y=l20V F 
pone M LAMPS ON AT NIGHT—Lamp load is turned 
7 on by triac when drop in illumination on 
R Cy photocell increases its impedance enough to 
0.05 pF PHOTOCELL make trigger diode turn on. Can be used 
TYPE for outdoor lighting controls.—‘Silicon Power 
Y Circuits Manual,” RCA, Harrison, N.J., $P-51, 

OQ p 259. 


eindacae coe CONTROL limits amplitude and duration of initial cur. | 50-mm rod 10 mm in diameter.—Lamp Dim- 
ae tpne 9 surges for lamp loads up rent surge for incandescent lamps. Steepness mer, Philips, Pub. Dept., Eleoma Div., Eind- 
o 3 kW, and up to 7 kW if there are no of current transients is limited by 80-sH choke | hoven, The Netherlands, No. 2, 1967. 
starting surges. Thermistor in R-C network consisting of 50 turns wound on Ferroxcube 


piee 


DARLINGTON TOUCH SWITCH—Lamp is turned. 


on only while finger is touching both collector 
and base terminals of DI6P Darlington tran- 
sistor, Works well with slightly moist skin, 
but may not work for dry-skin touch.—E, K. 
Howell, Small Scale Integration in Low Cost 
Control Circuits, General Electric, Syracuse, 
N.Y., No, 671.9, 1968, p 19. 


SOLID-STATE LAMP PULSER—~Pulsing of ss! at 
500 mA for 20% duty cycle increases light out- 
put up to five times. Asymmetrical flip-flop 
produces current drive for Q3 for 20% of 
period, which acts as low-current switch for 
constant-current source Q1-Q2 that pulses 
solid-state lamp. Period of flip-flop is about 
350 us.—L, M. Hertz, Solid State Lamps—Part 
Il, General Electric, Cleveland, Ohio, No. 
3.0121, 1970, p 26. 


Tl 


l20VRMS 
6OCPS 


12.6 VOLTS 
RMS 


USE NON- |NDUCTIVE 
RESISTORS 


LAMP CONTROL CIRCUITS 


Hes 


LIGRT 
COUPLING 


La 


LATCHING TOUCH SWITCH—Touching finger 
to both collector and base of L14B Darlington 
transistor turns on lamp, and light coupling 
between lamp and L14B latches lamp on. 
Lamp is turned off by touching base and 
emitter terminals, bypassing light-generated in- 
ternal base current. Works well with slightly 
moist skin, but may not work for dry-skin 
touch.—E. K. Howell, Small Scale Integration 
in Low Cost Control Circuits, General Electric, 
Syracuse, N.Y., No. 671.9, 1968, p 19. 


+12.6vDC 


lan 
SW 


2.2K2 


CURRENT LIMITING 
RESISTOR 
(AS REQUIRED) 


CRI 
AGOF 


12 VOLT 
LAMP 


— (2 VOLT 
—— BATTERY 


347 


NIGHT LIGHT—Automatically turns 15-W light 


on at sunset and turns it off at sunrise. Uses 
GE-X7 magnetic reed switch for $1. Lamp 
plugs into outlet in series with switch, Diode 


D1 is GE-504, PCI is GE-X6 or equivalent 
photocell.—"Hobby Manual,” General Electric, 
Owensboro, Ky., 1965, p 120. 


SWITCH FOR SOLID-STATE LAMP—Used in 
pulsed-light communication, with current-mode 
switch driving solid-state lamp with peak 
currents of 2 A at 50-ns rise and fall times. 
L. M. Hertz, Solid State Lamps—Part Il, Gen- 
eral Electric, Cleveland, Ohio, 
1970, p 21. 


No, 3-0121, 


+ G volt 


EMERGENCY-LIGHTING SWITCH—Provides bat- 
tery-operated emergency lighting instantane- 
ously and automatically when 120-V a-c fine 
power fails. When a-c power is restored, 
emergency lamp is turned off.and battery re- 
charged. Suitable for restaurants, shops, 
corridors, elevators, and other places where 
loss of illumination is undesirable or intoler-~ 
able.—D. R. Grafham, Using Low Current 
SCR‘s, General Electric, Syracuse, N.Y., No. 
200.19, 1967, p 33. 
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= battery-powered ° =f 
EMERGENCY LIGHT—Turns on battery-t fils a cR2-GE A4OF 
lamp instantly when a-c power service falls. cose 
Emergency light turns off when line power is SCR GE R2-CURRENT LIMITING 
restored, and battery then recharges from 1073 LAMP AS REQUIRED 
. . 7 —"Silicon 
aec line, Requires no meintensince.—"Si SI 
Controlled Rectifier,” General Electric, Syra- 120 vole ‘lf lOGMF l2 VOLT BATTERY 
5 9, 1969. = 
uEpy Nee NEE ASOR R3 ALL RESISTORS i/2 WATT 
Ris 1K EXCEPT AS NOTED 
CRI 
Yok Alar 
pe 
(20 | 126 VOLT 
TRANSFORMER 
I 
120V. AC 
TRIAC 
R} 
100 
° 
NOTE: T)/S ABBY, (4 FILAMENT. TRANSEOR MER Rapa 
GERED LIGHT SOURCE—Can be used with R, FOR MAXIMUM RESISTANC! NOT 
NG . : ; 7 ON LAMP WITH ZERO INPUT. 
appropriate focusing lens in light-source gun, 
for shooting alleys where target rifles are not AUDIO-CONTROLLED LAMP—Low audio input 
permissible. Intended for use with photo~ voltage (1 V) provides an-off control of 120 
electric target that flashes when hit by light V 500-W lamp. Switching action of ser-triac 
beam.—“Hobby Manual," General Electric, combination is very rapid compared to re~ 
Owensboro, Ky., 1965, p 79. sponse times of lamp and human eye, so 
effect produced with audio input is similar to 
proportional control circuit, If input to ser 
consists of phase-controlled pulses, full-wave 
control of lamp load is obtained.—J. H. Gal- 
loway, Using the Triac for Control of AC 
Power, General Electric, Syracuse, N.Y., No. 
9 120V 6OHz 200.35, 1966, p 14. 
LOAD 2 LOAD 3 


HALF-WAVE CHASER—Used for turning on 
string of lights sequentially to give effect of 
S.GRi2 SCR 3 moving sign. Each stage has individual tim- 
ing adjustment, When power is applied, all 
- gar ser’s are off; Q1 starts timing and, after delay 


set by RI, fires SCR4 which energizes reed 
switch, This turns SCR and first lamp on, and 
initiates timing of Q2 for delayed firing of 
SCR6 and $CR2, Process continues until Q4 
fires, turning on SCR5 and turning off SCR4. 
Reed switch then drops out, turning off all 
scr’s except SCR5 and resetting circuit for next 
sequential flashing cycle.—A. A. Adem, Flash- 
ers, Ring Counters and Chasers, General Elec- 
trie, Syracuse, N.Y., No. 200.48, 1966, p 7. 


SCRE 


Ri, R2,R3,R4 +500K POTS Cl. 500nF 25 V QI-Q4:(4) GE 2N2646 UIT 
R5,R6,R7, :750Q V2W €2,03,04,05: 2 nF, 10v SCRI~ SCR3 (3) GE C20B 
R8, RO THK V2 W C6:.22uF IOOV SCR4- SCR7(4}GE ClO6Y 
R10, Ril S33. /2W 


TH! 120:12.6 STEPDOWN LOADS ; 550 WATTS EACH 
REED SW. GE 2DRIS () AMP) 
GE 2DR30 (3AMP) 


REED SW COIL: 10,000T #39 WIRE 8250 BEERS SEcHEEE neee” 
‘10, , IRE ADDED BETWEEN DASHED LINES, 
CRI- CR4 (4) GE AISA ED BETWEEN DASHE 


Rl2 4700 V2ew 
RIS “|MEG 1/2W 
R14,RI5, RIG, RI7: 3302 1/2W 


LAMP CONTROL CIRCUITS 


LIGHT 
COUPLING 


LATCHING, SINGLE BUTTON, ALTERNATING.FLASHES IF HELO. 


+ 
ToucH 


ON/OFF 
IM 

Ge 

A B 
2N3593 

HIGH SENSITIVITY MODIFICATION 


HOV 60 HZ ? 


== 1012.6 


Ist STAGE 


SINGLE-BUTTON ON-OFF TOUCH SWITCH— 
Touching single pair of contacts alternately 
turns lamp on and off. Lamp flashes if finger 
is held on button. Latching is provided by 
light coupling between lamp and L14B Dar- 
lington transistor. Works well with slightly 
moist skin, but may not work for dry-skin 
touch. High-sensitivity modification ensures 
dry-skin operation.—E. K. Howell, Small Scale 
integration in Low Cost Control Circuits, Gen- 
eral Electric, Syracuse, N.Y., No. 671.9, 1968, 
p 19. 


2nd STAGE LAST STAGE 


LOAD # | 
(3)éoow 


LOAD #2 


(3) g00w 
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LOAD# 3 
600 W 


ae y) TRIAC 2 TRIAC 3 
cr4 CRB AY) ce AW) ce SE 
i $C 408 rd C408 $C40B 
RT Rg 
1502 og 500 
LOpF 
792 RIS ® 
“5 C7 y) ca ®) I7S clo 
15V sus 22K? Os mF A Qy 22k 
Scr! Scra Scr3 Scr 
R4 RIO Ru ca RI3 
iBS 10 CRS 1k 3 CREA oS a CRT 2 
y 1K 
ALL SCR'S GECIO6Y ALL RESISTORS 1/2 


ALL DIODES GE AIS F 


FOR 1000 WATT LOAD USE 


GE SC45B TRIACS. 


ADDITIONAL STAGES MAY BE ADDED BETWEEN DOTTED LINES. 


A-C CHASER-Modification of ring counter is 
used for turning on string of lights sequen- 
tially to give effect of moving sign. When 
power is first turned on, all scr’s are off and 
ujt oscillator is energized by bridge rectifier. 
At end of delay determined by setting of 
RI, ujt fires and turns on SCR1. Next firing 


of ujt turns on SCR3 and fires triac 1. 
Next two pulses turn on SCR4 and SCRS in 
turn and fire triacs 2 and 3 in turn. Follow- 
ing pulse fires SCR2 which commutates other 
four scr's off. Next pulse starts cycle over 
again by turning SCR] on and SCR2 off, 
OFF time thus takes two pulses and ON time 


one pulse, which makes performance more 
appealing to the eye. If ujt frequency is 1 
Hz, each lamp is on 1 $s and off 2 s.—-A, A. 
Adem, Flashers, Ring Counters and Chasers, 
General Electric, Syracuse, N.Y., No. 200.48, 
1966, p 6. 


NOTE: To locate additional circuits in the category of this chapter, use the index at the back 


of this book. 
McGrawsHill in 1968. 


Check also the author’s “Sourcebook of Electronic Circuits,” published by 


CHAPTER 44 
Lamp Dimmer Circuits 


_— 
INCREASE 


kD2104 


D 
10 com KO2103 


St 


Do 
K02103 


Ye 
Ko2I00 


DUAL-SCR DIMMER—Can handle 500-W in- 


motor, providing full range of control and 
candescent-lamp load, heater, or universal 


Experimenter’s Manual,” RCA, Harrison, N.J., 
high reliability.—“Silicon Controlled Rectifier 


1967, p 49. 
MDA-942-3 
RECTIFIER 
BRIOGE LOAD 
i ril- nae 
7 C3 R6 
| 8 pF 10 k 
| 250 Vv 
| lL 
g D6 
| 1N4936 ¥ 
| RS 
| 1k 
120 | C1 
Vac | 1N4747 40 wF/25 
Qi MAC2-4 
| | 2N4870 
| | D7 = 
c4 
m1 RO “T™ 
| Jo2 | | SPRAGUE 10 e 1N4@8360 8 uF 
\- 11212 BOON, 
D4 
i eee Spee 
a Bos 
800-W SOFT-START DIMMER—Combining soft- candescent lamps, thereby extending lamp and C4.—“Semiconductor Power Circuits 
start feature with dimmer control R4 prevents life. 


high inrush currents to cold filaments of in- 
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Accidental turnon is prevented by spe- 
cial dv/dt network including capacitors C3 


Handbook,” Niotorola, Phoenix, Ariz., 1968, 
p 6-14. 


LAMP 


20-MINUTE DIMMER—Time-dependent incan- 
descent-lamp dimmer handles up to 600-W 
load with triac specified. High input imped- 
ance of Darlington Q1-Q2 permits very long 
charging and discharging times for C1, to 
give very slow turn-on or turn-off of lamp 
load, depending on setting of SWI. At max- 
imum-resistance setting of R3, about 20 min- 
utes is required for lights to dim automatically 
from full-on to full-off. Also called bachelor 
light.-F. W. Gutzwiller and E. K. Howell, 
Economy Power Semiconductor Applications, 
General Electric, Syracuse, N.Y., No. 671.1, 
1965, p 14. 


LOAD 


CRI THRU CR4 : G-E INI693 RECTIFIER DIODE Ri 
CRS, CRE: G-E Z4XL7,5 ZENER DIODE 
CRT: G-E IN1692 RECTIFIER DIODE R3 
Cl + 100.uf, 5 WVDC ELECTROLYTIC 
CAPACITOR (G-E QT|-22) 


DIMMER CIRCUITS 
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: 3.3K OHM, 2 WATT RESISTOR 

R2,R4: 4.7K OHM, 1/2 WATT RESISTOR 

: 5 MEGOHM; | WATT POTENTIOMETER 
RS, R7: | MEGOHM, |72 WATT RESISTOR 

: 2.2K OHM, 1/2 WATT RESISTOR 


c2_: O.laf, I5 WVDC CAPACITOR RS : 470 OHM, |/2 WATT RESISTOR 
Qi, a2; G-E 2N27I2 n-p-n TRANSISTOR SWI : SPDT SWITCH 

Q3 : G-E 2N2647 UNIJUNCTION TRANSISTOR SW2; SPST SWITCH 

TRE : TRIAC SC4IB Tl : SPRAGUE 35ZM923 PULSE 

Ft. : 3 AMPERE FUSE TRANSFORMER 


FULL-RANGE DIMMER—Provides control from 
full brilliance to zero by switching out recti- 
filer and half of potentiometer resistance at 
midpoint of dimming range.—“Circuits Man- 
ual,” Motorola, Phoenix, Ariz., 1965, p 10— 
2-2, 


115 VAC 
DIMMING 


RANGE 


115 VAC 


NE83 


800-W TRIAC DIMMER—Simple control circuit 
controls conduction angle of triae from zero 
to about 170 degrees, providing better than 
97% of full-power control. One possible 
problem is high starting current in lamps with 
cold filaments.—“Semiconductor Power Circuits 
Handbook,” Motorola, Phoenix, Ariz., 1968, 
p.6-16, 


IN3493 


SCR 
MCR808-4 


NE83 


4702 
D 


1 
1N4001 


MCR808=4 HALF-WAVE DIMMER—Provides from 70% of 
maximum brilliance down to zero. Switch 
bypasses control when full brilliance is de- 
sired. Rating of ser determines wattage of 
lamp.—”Circuits Manual,” Motorola, Phoenix, 


Ariz., 1965, p 10—2—1. 
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- 


CROSSFADER FOR SLIDE PROJECTORS—Tan- 120% 
dem dimmer cirevit can be used for such 

applications as fading between two slide 
projectors, two movie projectors, or two 
illuminated signs. Moving R3 to either side 
of center fires one triac earlier in each half. 
cycle and the other later, with total light 
output for both lamps staying about con- 
stant for all control positions. Choice of 


triac depends on lamp wattage.—J. H. Gal- & 
loway, Using the Triac for Control of AC 
Power, General Electric, Syracuse, N.Y., No. 


200.35, 1966, p 17. R)= Rox 68000 ,| WATT 


Rge 150K 2 LINEAR POT. IW 
Rg= Rg= 22K0,1/2W. 

Ras (SKM, 1/2W. 

TRi= TRe=TRIAC 

Dj=Dp= GE ST~2 DIAC 


CONTROL LEAD 


POWER CIRCUIT 
SCR 


REMOTELY 
MOUNTED 

LINE SWITCH 
race 
dig —L. 

t too i 


ee | 
7 CONTROL IE TO 0s 
60 CPS ISOLATION x CONTROL 71S MD 

4 CIRCUITRY | RFI 


FUSE 


TRANSFORMER 


NUMBER OF BALLAST/LAMP COMBINATIONS 
IN PARALLEL DETERMINED 8Y CURRENT 
CAPABILITY OF DIMMER. 


CONTROL CIRCUIT 


H 


25K 
+ 4 SEINI693 (4) ON TRIM 
}---3 
50K | REMOTELY 
deve 
--_- CONTROL 
x “por. 
x 
t INIS27 


FLUORESCENT DIMMER—Uses ser’s connected 
in inverse parallel with special G-E 89G718 
dimming ballast for one F40T12 rapid-start 
fluorescent lamp. Includes rfi suppression. 
Excellent basic reference article on design 
requirements for fluorescent dimmers. 
Choice of ser depends on average value of 
current waveform; C1} and C15 types are 


adequate for all but largest installations. 
Ground plane, consisting of metal strip 1” 
from lamp and connected to common or white 
side of line, is necessary as starting aid for 
lowest setting of control.—E. &. Von Zastrow, 
Fluorescent Lamp Dimming with SCR’s and 
Associated Semiconductors, General Electric, 
Syracuse, N.Y., No. 200.18, 1962. 


LjsLg= GOuhy (FERRITE CORE} 
CeCo*CaeO.luf SOV 
C42 Cg O.uf 200 VOLTS 


NOTE: TOTAL LIGHT LEVEL (SUM OF 
LAMPS 1+2) CONSTANT WITHIN 15%, 


FULL-WAVE 600-W SCR CONTROL—Provides 
manual dimming of lamp load with R5, but 
over limited range. Can also be used for 
heater and fan control.—F. W. Gutzwiller and 
E. K. Howell, Economy Power Semiconductor 
Applications, General Electric, Syracuse, N.Y., 
No, 671.1, 1965, p 15. 


SBS 2N4992 
Dt, D2-GE 6RSSGCILAYI 
~COMMON CATHODE 


LAMP DIMMER—Silicon bilateral switch and 
triac give hysteresis-free phase control for 
lamp dimming and similar applications, 8-V 
switching voltage of sbs is stable over wide 
temperature range.—Silicon Economy Bilat- 
eral Switch 2N4992, General Electric, Syracuse, 
N.Y., No. 65.32, 1967. 


LAMP DIMMER CIRCUITS 


Ci Co» = 0.068 microfarad, 200 volts, 
10% 

F, = fuse, size suitable to load 

I, = lamp, neon type NE-83 

Qi = triac, RCA 40502 or RCA 
40429 (the RCA 40429 may be 
used with the Wakefield No. 
NC401K or equivalent heat 
sink.) 

Ri = potentiometer, 50,000 ohms, 2 
watts, linear taper 

Rz = 15,000 ohms, 1/2 watt, 10%, 


carbon 


115 vac 


250pH 


load 
pSV YY 


eS 50kQ2 


Si = switch, 120 volt, single-pole, 
single-throw, capable of han- 


dling expected load current 
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LAMP 
LOAD 


Fy 


700-W DIMMER—Triac 


full-wave 
control from maximum brilliance down to 


provides 


zero illumination for incandescent’ lamp 


MCR 1304-4 


1N4002 NE 83 eS 


MCR 1304-4 


loads. Heat sink must be used with triac for 
loads above 300 W.—Hobby Circuits Man- 
val,” RCA, Harrison, N.J., HM-90, p 81. 


TWO-SCR DIMMER—Handles 300-W lamp and 
provides full range of brilliance control, using 
minimum number of low-cost components,— 
“Circuits Manual,” Motorola, Phoenix, Ariz., 
1965, p 10—2~-3. 


7& ut 


330kA at 25°C 


any cat.no, 2322 634 21334 
BY179 
scs 
= Ge) Love 
~ 
= {4.00V} 
BAIGS 
D> on 7 
(wt 
3 BZY88-C18 
250uH 
v pl YY 6 
L2 


3,000-W LAMP DIMMER—Triac controlled by 
scs handles starting surges and gives smooth 


power control of incandescent lamp load up 
to 3 kW.—G, J. Derksen and G. J. Tobisch, 
Lamp Dimmer, Philips, Pub. Dept., Elcoma 


Div., Eindhoven, The Netherlands, No. 82, 
1970. 
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LIGHT TURNS ON LAMP GRADUALLY—Increase 
in light on photocell causes proportional re- 
duction in cell resistance, to make trigger- 
triac increase lamp load veltage proportion- 
ally.—“Silicon Power Circuits Manual,” RCA, 
Harrison, N.J., SP-51, p 259. 


amr—1 —na 


oe 
FI 
+ 
"3 AG" sa 
5SAMP RECEPTACLE 4700 
pact neg RI TRIAC 
Camps ~TO 600 € 68K GE-xI2 
HEATERS Sane Ae 
“TO 
MOTORS ~TC Re Beak 


47K 


120 VAC 


FULL-WAVE BRIDGE DIMMER—Gives full 
range of control from maximum brilliance to 
zero continuously with single scr that is phase~ 
controlled over both halves of cycle.—Circuits 
Manual,” Motorola, Phoenix, Ariz., 1965, p 
102-2, 


115 VAC 


—— 
INCREASE 
BRIGHTNESS Re 


LOAD 
240 WATTS MAX, 


KD2100 


(000 


Ae 
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PHOTOCELL, 


TRIGGER 
DEVICE 


FULL-WAVE DIMMER AND MOTOR CONTROL 
—Gives full symmetrical control from zero to 
100% of line voltage for lamp or motor 
plugged into load receptacle, Also includes 
cadmium sulfide photocell for turning lamp 
on automatically in home at dusk. With 
shaded-pole fan or blower motor, range of 
speed control is about 4 to T. With motors, 
performance is improved by placing 100-ohm 
1-W resistor in series with 0.1-.F capacitor 
across triac.—"Hobby Manual,” General Elec 
tric, Owensboro, Ky., 1965, p 147, 


1N3493 


MCR80844 


1N34938R 


240-W DIMMER—R1 adjusts point in each half- 
cycle of a-c line at which scr is triggered for 
passing current through lamp load, Provides 
full range of brightness control, Produces 
some rfi, which can be reduced with L-filter 
consisting of 0.05-uF paper capacitor on 
which is wound 18 ft of No. 18E wire, with 
choke in series with load. Capacitor is con« 
nected between lamp-coil junction and other 
side of line.—“Silicon Controlled Rectifier Ex- 
perimenter’s Manual,” RCA, Harrison, N.J., 
1967, p 45. 


LAMP DIMMER CIRCUITS 


DIMMER WITH CLAMPING—Steering diodes 
DI and D2 act with R to permit larger con- 
duction angles and prevent circuit from mis- 
firing at low light levels when subjected to 
dips in line voltage. Circuit also extends 
lamp life by holding line voltage rises to 
within 3% of 120 V.—G. J. Granieri, AC Volt- 
age Regulators Using Thyristors, RCA, Harri- 
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son, N.J., AN-3886, 1969, 


LOAD 
le 
OOuH 
1K ae 
eek oe «40985 | Mt 
Cr 2w Q) pat 2 
OlaF SILICON BILATERAL ‘SOK 
200V switch =! eon 
6 
MT, 
sy 
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* DASHED LINES INDICATE MAJOR 


ADDITIONAL COMPONENTS REQUIRED 
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DIMMER WITH PRESET AND CROSSFADER— 
Solid-state incandescent-lamp dimmer may 
have any number of presets, although circuit 
shows only one load with two-scene preset 
for theatrical applications. When crossfader 
control is moved and voltage is taken away 


from one circuit of preset and applied to an- 
other, takeover circuit applies the larger of 
the two voltages acting on it to dimmer as 
input reference. Values are: P1 1K; RI 3K; 
R2 470; R3 22K; R4 220; RS 47; R6 330; R7 
22K; R8-10 3.3K; Cl 0.2 ,F; CD 200 uF; REC- 


1-2 4 G-E 1N1695; DT 1N1527; QI-2 2N525; 
Q3 2N1671A; D2 1N536; T? UTC H51.--E. E. 
Von Zastrow, The Silicon Controlled Rectifier 
in Lamp Dimming and Heating Control Serv~ 
ice, General Electric, Syracuse, N.Y., No. 


200,14, 1965. 
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600-W DIMMER WITH SERIES GATE RESISTOR 
~—Resistor R3, in series with trigger device 
(usually avalanche diode) limits discharge 
current from C2, te reduce instantaneous 
voltage drop across C2 and minimize both 
hysteresis and quick-turn-on effect.—’Silicon 
Power Circuits Manual,” RCA, Harrison, N.J., 
SP-51, p 258. 


Vv, 2120V 
60 Hz 


~amar—n —~nw 


DOUBLE-TIME-CONSTANT 600-W DIMMER— 
Gives lower initial load voltage and lower 
initial lamp brightness, along with less hys- 
teresis, than phase control circuit having single 
time constant.—“Silicon Power Circuits Man- 
ual,” RCA, Harrison, N.J., SP-51, p 257. 


amar—a —19 


TRIGGER | & 
ee | 2 


amarc—n —n 3 


SINGLE-TIME-CONSTANT 600-W PHASE CON. 
TROL—Used as dimmer. Has some hysteresis 
effect. Will turn on incandescent lamp with 
appreciable initial brilliance, for reasons ex- 
plained in book.—"Silicon Power Circuits 
Manual,” RCA, Harrison, N.J., SP-51, p 256. 


ama4r—n —np 


G 
TRIGGER 
eevee) 


600-W WITH TRIAC BLEEDER CURRENT—Pre- 
vents triac from going completely out of 
conduction, thereby preventing hysteresis and 
preventing turn-on at undesirably high illu- 
mination level.—“Silicon Power Circuits Man- 
ual,“ RCA, Harrison, N.J., SP-51, p 258. 


‘i? VAC 


WHITE 


LAMP DIMMER CIRCUITS 


12-V0 A-C LAMP DIMMER—Full-wave  triac 
phase control circuit uses D13Q1 silicon bi- 
lateral switch as trigger to achieve hysteresis- 
free operation for control of low-voltage 
load. Choice of triac depends on load power. 
—W. R. Spofford, Jr., Applications of the New 
Silicon Bilateral Switch and the Silicon Uni- 
lateral Switch, General Electric, Syracuse, 
N.Y., No. 671.3, 1966, p 8. 


GE IN3571 (4) 
a 


BALLAST 
GE 896718 


[) F40 Ti2 LAMP C 


GROUND PLANE 


+ 


CONTROL 
LEAD 


Rup 
33K 
2w 


POWER CIRCUIT 


HIGH-INTENSITY LAMP DIMMER~—Used to dim 
miniature low-voltage desk lamps operating 
from small transformer. Includes rfi_ filter 
that also serves to prevent transients from 
triggering scr. RI should be 250K, Can also 
serve as speed control for 120-V a-c shaded- 
pole fan motors rated up to 1.5 A, if RI is 
changed to 100K. Speed range is about 3:1. 
—D, R. Grafham, Fan Motor Speed Control— 
“Hi-Intensity’” Lamp Dimmer, General Elec- 
tric, Syracuse, N.Y., No. 201.16, 1966. 


120V 


100, hy 


loK joo K 


Ol 
1 MEG 
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TRIAC 


d2 
$Bs 


NOTE: DI @ D2- Al4 
OR SIMILAR HIGH 
CONDUCTANCE TYPE. 


CONTROL 
POTENTIOMETER 


CONTROL CIRCUIT 


RADIO FREQUENCY 
INTERFERENCE SUPPRESSION 
NETWORK 


[eel 
1OOpH | 


TRIAC 
GE SC41B 


DI,D2=GE AI4B'S 


LOW-COST FLUORESCENT DIMMER—Uses rec- 
tified ballast voltage directly for control cir- 
cuit, to reduce number of components while 
still giving satisfactorily smooth dimming. 
Does not include trim pot for making all lamps 
track when dimming large numbers in cove 
or valance lighting. Lamp requires ground 
plane (metal strip) 1” away as starting aid 
at low light levels. Excellent basic reference 
article on design requirements for fluorescent 
dimmers.—E. E, Von Zastrow, Fluorescent 
Lamp Dimming with SCR‘s and Associated 
Semiconductors, General Electric, Syracuse, 
N.Y., No, 200.18, 1962. 


ALL RESISTORS 1/2 WATT 


600-W TRIAC LAMP DIMMER—includes built-in 
damping for L-C filter to maintain proper 
operation of triac during dimming action.— 
J. H. Galloway, Using the Triac for Control of 
AC Power, General Electric, Syracuse, N.Y., 
No. 200.35, 1966, p 10. 


ELECTRONIC CIRCUITS 


MANUAL 
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TRIAC 
GE SC4IB 


FULL-WAVE 600-W TRIAC—Provides manual 
dimming of lamp load with RI, but over lim- 
ited range. For photoelectric control, replace 
R1 with cadmium sulfide photocell such ‘as 
G-E B425. To reverse function of photoelec- 
tric control, place photocell in parallel with 
Cl and change RI to 10K. Can also be used 
for heater and fan control.—F. W. Gutzwiller 
and E. K, Howell, Economy Power Semicon- 
ductor Applications, General Electric, Syracuse, 
NLY., No. 671.1, 1965, p 15. 


DI.D2=GE Al4B's = 100,hy 

600-W DIAC-TRIAC DIMMER—Circuit includes 
damped r-f filter for suppression of rfi with- 
out affecting triggering of triac at small loads 


such as 60-W lamp.—J. H. Galloway, RF Fil- 
ter Considerations for Triae and SCR Circuits, 
General Electric, Syracuse, N.Y., No. 201,19, 
1966, 


LAMP 


Lor 
120 VAC Ol ar 
) 60 Hz 


SCR 
Ti-40A2 


LOW-HYSTERESIS DIMMER—Provides continu- 
ous control up fo maximum conduction angle. 
If Rp is set for high resistance {low illumina- 
tion) and line voltage drops momentarily, 
high breakover voltage of diac QI combined 


fire, with lamp remaining extinguished until 
control is readjusted to higher light level— 
G, J. Granieri, AC Voltage Regulators Using 
Thyristors, RCA, Harrison, N.J., AN-3886, 
1969, 


PHOTOCELL-CONTROLLED DIMMER-Initial 
light level is set with R2 when CdS cell is 
dark. As cell is exposed to light, neon lamp 
triggers scr and power to lamp load de- 
creases. Choice of cadmium sulfide cell de- 
termines light sensitivity of circuit.—E, Bau- 
man, “Applications of Neon Lamps and Gas 
Discharge Tubes,” Signalite, Neptune, N.J., 
p 124. 


with high resistance could cause circuit mis- 


SCR2 
Ti-40A2 


af 4 


FLICKERLESS DIMMER-—Since both ser’s are 
fired by same timing circuit made up of neon 
lamp and pulse transformer, unsymmetrical 
firing problem is eliminated and there is no 
flickering of lamp load at low light levels. 
TI may be Sprague 312286 or equivalent 
1:1:1 with 40 turns per winding. $1 is 
ganged to R2 to disconnect load.—E, Bauman, 
“Applications of Neon Lamps and Gas Dis- 
charge Tubes,” Signalite, Neptune, NJ, p 
123. 


Z;- MOTOROLA TRIGGER MPT-1 OR ZENER DIODE PAIR WITH Vz = 30V 


T,- 1 TO 1 RATIO, 15 TURNS NO, 30 WIRE 
ON 1/2-IN POWDERED-ARON ROD, 1/4-INCH IN DIAM 
600-W A-C LOAD CONTROL—Provides smooth 


control of lamp or other load from 2% to 
98% of full power, with RI changing con- 


duction angle for both halves of cycle.—J. J. 
Klinikowski, Cheap, Simple AC Power Control, 
EDN, Jan. 15, 1970, p 63. 


NIVAC, 


LAMP DIMMER CIRCUITS 


FOR LAMPS UP TO 400 WATTS 
OR SMALL MOTORS (UP TO 


2 AMPS) 5 AMPS) 


FOR LAMPS UP TO 1000 WATTS 
OR LARGER MOTORS (UP TO 


Dis D4e 
ScRI= 


SF20-0 
2NI774 


LAMP DIMMER—With 2N1774 for SCR] and 
3F20-D diodes, circuit will handle lamps up to 
400 W or motors drawing up to 2 A, With 


2N685 for SCRI 


and 20HB20 diodes, will 


handle up to 100 W lamp load or motors 
drawing up to 5 A.—D. Cooper, SCR’s and 
Triacs~the Revolution Continues, Electronics 


World, Aug. 1968, p 25-28, 


LIMITED-RANGE CONTROL—Provides control 
only over range from half to full power, 
which is sufficient for most illumination 
control applications. Rectifier supplies one 
half-cycle uncontrolled, with scr providing 
ramp-and-pedestal phase control for other 
halfecycle, Low-resistance photocell is used to 
give fast response time and eliminate hunting. 
—F. W. Gutzwiller and E. K. Howell, Economy 
Power Semiconductor Applications, General 
Electric, Syracuse, N.Y., No. 671.1, 1965, p 13. 
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LAMP 
LOAD 


al aa 


TABLE LAMP DIMMER—Designed for mounting 
inside lamp, where space is usually at a 
premium. Only drawback is slight hysteresis 
effect. Circuit takes advantage of availabil- 
ity of both sides of lamp load.—J. H. Gallo- 
way, Using the Triac for Control of AC Power, 
General Electric, Syracuse, N.Y., No. 200.35, 
1966, p 19. 


HALF-WAVE LAMP-MOTOR CONTROL—Dual- 
purpose single-scr, contro! circuit varies output 
voltage from zero to about 70% of a-c line 
voltage (up to 84 V}. When $1 is in LAMP 
position, incandescent lamp plugged into load 
outlet is controlled by PT from zero bright- 
ness to about 30% of its normal visual light 
output. Closing bypass switch $2 bypasses 
scr to give full lamp brightness. With $1 in 
MOTOR position, control circuit includes feed- 
back feature that tends to maintain constant 
speed for universal motor plugged into outlet. 
Use only on motors having commutator and 
brushes,—“Hobby Manual,” General Electric, 
Owensboro, Ky., 1965, p 146. 
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LSKW l 
I 
1 
t 
! A057B 
1 [| €3 
l .06 
I 200V R2 
60~ i ees are 150K 


SCR2 
TIx92 


IN2069 


DUAL-SCR WITH NEONS—Supplies power over 
full cycle, using neon lamps to trigger ser‘s. 
Filter L-C3, used to reduce rff caused by fast 
turn-on of scr’s, is unnecessary with highly 
inductive loads such as universal motors. 
Full counterclockwise rotation of R2 opens SI, 
cutting off power to load. Can be used as 
dimmer for incandescent lamps.—E. Bauman, 
“Applications of Neon Lamps and Gas Dis- 
charge Tubes,” Signalite, Neptune, N.J., p 
126. 


OFF 


(20 VAC 


LOAD 


RECEPTACLE 


ra Me 
LAMP 


SOFT-OFF DIMMER—When switch is closed, 
lamp load up to 500 W plugged into load 
receptacle will be slowly dimmed over ad- 
justable period of 15—20 min as determined 
by setting of R3, when S1 is in DOWN posi- 
tion. Ideal for control of room lights in bed- 
room after children have been put to bed. 


TRIAC 
GE-KI2 


With SI in UP position, room lights will be 
turned up slowly over same period, under 
control of clock timer, for those who must 
get up before sunrise. Combination of $2 
and R4 gives option of fixed fast turn-on and 
turn-off.—"Hobby Manual,” General Electric, 
Owensboro, Ky., 1965, p 134. 


NOTE: To locate additional circuits in the category of this chapter, use the index at the back 
of this book. Check also the author's “Sourcebook of Electronic Circuits,” published by 


McGraw-Hill in 1968. 


CHAPTER 45 
Laser Circuits 


POSITIVE 
INPUT 
FROM TIME 
EXPANSION 
CIRCUIT 


RAMP-TRIGGERED RECTANGULAR PULSE— 
Pulse-forming circuit senses when ramp voltage 
of time-expansion circuit in Jaser cloud height 
radar exceeds predetermined — threshold 
value. Q4 is then cut off, cutting off Q5 and 3.3k 
turning on Q6, to close electronic switch Q7 
and start production of 10-V_ rectangular 
ovtput pulse. Width of pulse is 1,000 times 
that of interval being measured, permitting 
observation on low-speed oscilloscope.—G. 
M, Ettinger, Chronometer Expands Pulses to 
Measure Nanosecond Intervals, Electronics, 
Jan, 23, 1967, p 108—112. 


Q 


2930 «OUTPUT TO 


INTEGRATOR 


a, 
(INVERTED 
SWITCH) 


+404 


START CIRCUIT 


Oy, Qy, 03 — MULLARD LTO, TYPE BCY43 


Dy — TUNNEL DIODE— STANDARD TELEPHONE AND CABLES LTD. TYPE AEY14 


Da— FAIRCHILD TYPE FD6005 


TIME-INTERVAL EXPANDER—Used in laser 
cloud height radar to resolve time intervals 
down to 10 ns and make it possible to dis» 
play time interval data on low-speed scope. 
Converts input pulses to proportionately 


Qg—- MULLARD LTD, TYPE BCY32 Qy7-- MULLARD LTD. TYPE OC2 
Qe MULLARD LTD. TYPE BCY43 D ~~ MULLARD LTD. TYPE OA2 


TIME EXPANSION CIRCUIT 
+33v 


longer pulses from which range information 
can he derived. Value of C1 and 9-meg re- 
sistor are given for B-us range, Output is 
ramp waveform 1,000 times fonger than time 
interval between start and stop pulses. Can 


STOP CIRCUIT, 


EXPANDED 
RAMP 
QUTPUT 


AO 


also be used for very short range conven- 
tional radar and for detection of nuclear par- 
ticles.—G.,M. Ettinger, Chronometer Expands 
Pulses to Measure Nanosecond intervals, 
Electronics, Jan, 23, 1967, p 108-112. 
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bi-D4=)N4007 


1,600-V AUTOMATIC-START LASER SUPPLY— 
Will fire laser automatically shortly after 620 
V a-c is applied by means of step-up trans~ 
former connected to a-c line, TI is 200:1 


270 


INPUT DOOR 


(+5 v PULSE) 


©) 


220 


SiX 2.7 OHM Yq—-WATT 
RESISTORS IN PARALLEL 


DIODE PULSER—Circuit will pulse GaAs laser 
diodes continuously up to 10 kHz, or up to 100 
kHz if duty cycle does not exceed that for 
continuous operation. Pulse length is about 
60 ns and peak currents approach 200 A. 
Inductance must be minimized by keeping 
current paths very short. Volume of com- 
plete pulser is less than 0.5 cubic inch.—H. E. 
Brown, R, A. Bond, and J. C, Bloomquist, 
Avalanche Transistors Drive Laser Diodes 
Hard and Fast, Electronics, Nov. 14, 1966, 
p 137-139, 


ELECTRONIC 


0.45 


conventional auto ignition coil that is critically 


damped with resistor across secondary to 
produce single spike. Amglo MT-55 flash- 
tube trigger transformer may be used instead. 


CIRCUITS MANUAL 


TO 
CATHODE 


Caution: Circuit is dangerous when power is 
applied.—C. H. Knowles, Experimenters’ Laser, 
Popular Electronics, Dec. 1969, p 27-32 and 
110—111, 


—lOvde 
0 TO + 100vd-c ADJUSTABLE 
0 TO + 200 vd-c ADJUSTABLE 


0.01 


0.01 


FD 400 


GaAs LASER 
DIODE 
H2A514 GE 


ma 
Ny, 


ALL TRANSISTORS 2N3507 
(SELECTED) 


ALL CAPACITORS IN pf at 
200 wvd-c 


D6-O9zIN4O007 


LASER CIRCUITS 


1,600-V MANUAL-START LASER SUPPLY—After 
620-V a-c is applied by means of step-up 
transformer connected to a-c line, switch ST 
must be closed to fire laser. Caution: Cir- 
cuit is dangerous once power is applied.— 
C. H. Knowles, Experimenters’ Laser, Popular 
Electronics, Dec. 1969, p 27-32 and 110-111. 


oe 2N3054 


20v REGULATED 
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O 
SUPPLY 
SWITCH 


LOW IMPEDANCE REGULATOR 


Cy 
t0~4,500nf 


SWITCH 
FIRING PULSE CONTROL—Combination of 
Schmitt trigger with stable linear R-C charg~ 
ing keeps time intervals accurate within 1% 


SWITCH 


for pulses that fire gas discharge lasers in 


ionization experiments. Snput pulse makes 
Ql and Q2 conduct, but has no effect on 


OELAYED 
PULSE 


Q5 and Q6 until C3 charges enough to trigger 
Q3. Opening switch resets timer.—P. F. How- 
den, RC-Biased Schmitt Trigger Times Pulses 
Accurately, Electronics, April 1, 1948, p 64. 


364 ELECTR 


INPUT FROM 

COLLECTOR OF 
TRANSISTOR Q3 
(Ov OR + 334} 


480k 


Qa, Qyz — MULLARD LTO. TYPE BCY43 
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SWITCH } 


CATHODE 


470k 


LOW-POWER LASER—Generates 0.5 mW at 
6,328 angstroms, considered safe for experi- 


ECHO AMBIGUITY RESOLVER—Used in | mentation in schools and homes. Requires LASER 
—Used in laser 7 
. rene Bec 1,600-V d-c power supply, for which auto-~ 
cloud height radar to und ambiguity as matic and manual-start versions are given in 
hue ake st ri oe ppiaelares article along with construction details and 
ieidnie easter iacabe uaa ae areata! sources for laser and other special parts. 
ye ee ca Caution: do not aim at eyes; light is extremely 
nes ‘ bright and temporarily blinding.—C. H. 
sale Bela sires peel na Knowles, Experimenters’ Laser, Popular Elec- 
tronics, Dec, 1969, 27-32 and 110—111, 
reset and is ready for next echo.—G. M. Et- ii hte R m 
tinger, Chronometer Expands Pulses to Meas~ 
ure Nanosecond Intervals, Electronics, Jan. 23, 
1967, p 108~112. 
SPRAGUE TYPE 118P FOR VOLTAGES UPTO 600VOC 
LASER PUMP—Uses xenon annular flashtube SPRAGUE TYPE erro ron soles haran UP TO ene 
developed primarily for optical pumping of + 1oK Ne FinerrOae low 
laser crystals. Designed so crystal rod is 400-1000 vDC © 
surrounded by gas discharge plasma. Outer SPRAGUE EGBG KN-2,40R6 
surface of flashtube can then be wrapped with TYPE I50DN 
aluminum or silver foil serving both as re- m= In3kv 
SUPPLY 


flector and trigger electrode. Requires 25 to 
30 kV trigger voltage from trigger trans- 
former.—FX-53C-3, FX-53Z-3 Annular Xenon 
Flashtubes, EG&G Inc., Boston, Mass., No. 
1007-3, 1968. 


LASER ENERGY MONITOR—Circuit provides 
permanent record of total energy entering 
eye of patient each time pulsed ruby laser 
photocoagulator is fired. Dichroic beamsplit- 
ter reflects small fraction of laser beam to 
phototransistor that feeds monitor circuit. 
Output of monitor drives recorder. Circuit is 
calibroted by measuring tetal beam energy 
with thermopile—E, J. Scribner, Circuit Moni- 
tors Energy of Laser Photocoagulator, Eflec- 
tronics, July 7, 1969, p 110—111. 


+20-30 VOC 


USE ONE OF THE FOLLOWING 
EG&G TRIGGER TRANSFORMERS 


TR~132A( 350V MAX INPUT) 
TR-60 (1000V MAX INPUT) 
TR-69 (1000V MAX INPUT) 
TR-153 ( 600V MAX INPUT} 


+15v 


+3 15k 


OUTPUT 


INPUT FROM PULSE 
FORMING CIRCUIT 


LASER CIRCUITS 


INJECTION LASER PULSE GENERATOR—EG&G 
Krytron pulser produces peak currents of sev- 
eral thousand amperes at repetition rates up 
to 500 pulses per second, for pulsing high- 
power injection lasers at room temperature. 
Outstanding features are simplicity, small 
size, and low cost. Capacitor C is charged 
from 510-V d-c source, then discharged 
through laser diode D and Krytron switch.— 
W. Koechner, Extremely Small and Simple 
Pulse Generator for Injection Lasers, Review 
of Scientific Instruments, Jan. 1967, p 17-20. 
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Ra 18405 mA 


51O0V 


SPRAGUE TYPE 118P FOR VOLTAGES UP TO 600VDC 
600 — SPRAGUE TYPE CP70 FOR VOLTAGES UP TO 2KVDC 


SPRAGUE = lyf 
TYPE 150D 


/ 


20-30 VOC 


SERIES INJECTION TRIGGERING—Circuit 
shown may be used with many different sizes 
and types of linear pulsed xenon flashtubes, 
for such applications as laser pumping, medi- 


USE ONE OF THE FOLLOWING 
EG&G TRIGGER TRANSF. 


TR-146 A (1500V 
TR-170 (2000V 
TR-179 ( 800V 


CLOUD-HEIGHT LASER INTEGRATOR—Output 
voltage is proportional to width of rectangu- 
lar input pulse, which in turn is 1,000 times 
time interval between laser transmission and 
return of reflection from cloud, Input fet Q8 
operates in zero-gate-current mode to elimi- 
nate current leakage that would prevent in- 
formation from being stored in integrator 
without degradation between measurements. 


Relay shorts integrator capacitor to reset to 
zero.—G. M. Ettinger, Chronometer Expands 


10? 
10W 


A 0.3 KVDC 
——~ SUPPLY 


cal research, satellite flashers, photoreproduc- 
tion, and lighthouse beacons. Trigger may 


TR-136 A(1500V MAX, INPUT) be operated by remote control, Voltage re- 
) 


) 
) 


quired for series injection triggering ranges 
from 15 to 35 kV depending on flashtube.— 
Linear Xenon Flashtubes, EG&G Inc., Boston, 
Mass., No. 1002-B, 1967. 


OUTPUT 
TO METER 
AND RECORDER 


TO CLAMPING 
CIRCUIT 


RESET SIGNAL 
24v d-c 


Osut Qitgs Qt _ 
T ‘SE’ MULLARD LTD. TYPE 0C202 


Pulses to Measure Nanosecond Intervals, Elec- 
tronics, Jan. 23, 1967, p 108-112. 


CHAPTER 46 
Latching Circuits 


D-C LATCH FOR ALARM—Momentary opening 
of either switch triggers scr, which then 
latches and provides full load power until 
reset switch is pushed. Can be used for 
alarms, firing of explosive squibs, protection 
circuits, and display lamps.—F, W. Gutzwiller 
and E, K. Howell, Economy Power Semicon- 
ductor Applications, General Electric, Syracuse, 
N.Y, No. 671.1, 1965, p 3. 


+28 VDC 


RESET 
OmmQ 


120 VAC 
ADJUST 
TIME MEG 
DELAY“ RI 
ST 201 
R2ZioKa 872 16 
i20V 
60~ 
100 pFD 
Sov 
¥ 
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60-S LATCHING DELAY~—When CI charges to 
diac voltage, in 60 s for values shown, triac 
fires and energizes loud until SI is operated 
to discharge C1 through R3 and R4.—“SCR 
Manval,” 4th Edition, General Electric, 1967, 


p 148, 


SOLENOID DRIVER WITH LATCH—Momentary 
closing of SI energizes solenoid load, and 
circuit holds in this condition until $2 is mo 
mentarily opened. Load current can be up 
to 5 A.—A, Harris, Semiconductor Switching 
of Low-Power Circuits, Electronics World, 
June 1967, p 33-35, 
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TIME DELAY 40-60 SECS. WITH COMPONENTS SHOWN. 


60-S DELAY WITH LATCHING—Uses D13T2 
programmable ujt for both timing and latch- 
ing of relay. High gate sensitivity makes 
long delays possible with reasonable resis- 


tor and capacitor sizes.—E. K. Howell, Small 
Scale Integration in Low Cost Control Cir- 
cuits, General Electric, Syracuse, N.Y., No. 
671.9, 1968, p 18. 


LATCHING CIRCUITS 


fp 349.0 CPS 


RESONANT 
REED 
RELAY 


TRIAC TONE-ACTUATED SWITCH—Resonant 
reed relay is pulled in by 280.8-Hz audio tone, 
to apply trigger that turns on and latches 
triac, to apply a-c line voltage to load. Re- 
lay releases when tone stops, but latch action 
of triac keeps load energized. Only 349-Hz 
tone can make relay pull in the OFF arma- 
ture and bypass trigger long enough for 


RESONANT 


T2 


7OST2S B+ 


REED 
RELAY 


RLT2-27~| 
RESET 
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|}. SIGNALLING 
TONE 


STATION CALL INDICATOR—Serves as mem-~ 
ory device in selective calling of unattended 
two-way radios. Signalling tone from trans- 
mitter causes relay to apply total circuit volt- 
age to “call” indicator neon II, which lights. 
Circuit remains latched until operator returns 
and throws reset switch.—E, Bauman, “Ap- 
plications of Neon Lamps and Gas Discharge 
Tubes,” Signalite, Neptune, NJ., p 71. 


OUTPUT 


triac to open or block.—J. H. Galloway, 
Using the Triac for Control of AC Power, 
General Electric, Syracuse, N.Y., No. 200.35, 
1966, p 6. 


+28 VDC 


RESET 
O mm © 


7 AMP 
LOAD 


28 V D-C LATCH—Momentary closing of 
switch triggers scr, which then latches and 
provides full load power until reset switch is 
pushed,—F. W. Gutzwiller and E. K. Howell, 
Economy Power Semiconductor Applications, SI 
General Electric, Syracuse, N.Y., No. 671.1, 
1965, p 3. 
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TRIAC 


TRIGGER 
“ON® 


Qi 


(AS FIG. 2) 


VAC IK,5W 


240VAC 


Ci=.5yF TO 2pF 
250V (ON 120 VAC) 
500V (ON 240 VAC} 


LOAD 


SELF-LATCHING TRIAC—-Momentary closing of 
S1 makes triac stay on continuously until $2 
is momentarily closed, to give latching con- 
trol of current through 6-A load. Use RCA 
40429 triac for 120 V and 40430 for 240 V.— 
R. M. Marston, 20 Triac Circuits, Raclio-Elec« 
tronics, June 1970, p 51-53 and 97. 


out triggering triac. Choose triac to meet 
load requirements.—F. W. Gutzwiller and E. 
K. Howell, Economy Power Semiconductor 
Applications, General Electric, Syracuse, N.Y., 
No. 671.1, 1965, p 8. 


TRIAC A-C LATCH—When triac is triggered 
on by external pulse, voltage developed 
across capacitor by load voltage triggers 
triac on each succeeding cycle, until momen- 
tary closing of $2 discharges capacitor with- 
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TRIAC LATCH—When $1 is closed, triac sat 
urates and C1 charges. At end of first half- 
cycle, C1 discharges through gate and trig- 
gers triac into saturation for next half-cycle, 
Process continues, to give latching action, 
until $2 is closed. Triac then cuts off at next 
zero crossover and stays off.—A. Harris, Semi- 
conductor Switching of Low-Power Circuits, 
Flectronics World, June 1967, p 33-35. 
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REMOTE-CONTROL LATCH—Uses two scr’s 
rated at 7.4 A, with momentary-contact 
switches that can be remotely located. 
When SI is actuated, SCR2 is gated on by 
remote power supply voltage acting through 
RI, and load receives current. When S2 is 
actuated, SCR1 is gated on and acts through 
Cl te turn off SCR2 by lowering its anode 
voltage. The scr’s thus operate in flip-flop 
action so when one is cut off, the other is 
conducting.—A. Harris, Semiconductor Switch- 
ing of Low-Power Circuits, Electronics World, 
June 1967, p 33—35. 


REMOTE AREA { 


+24v 


Rt 
4.7%. 


TRIAC A-C MOTOR STARTER—Serves as solid- 
state equivalent of magnetic a-c motor 
starter. Choice of triac depends on motor 
current rating and on ac line voltage. Re- 
sistor and capacitor values in voltage divider 
are chosen to give trigger voltage required 
for triac chosen; capacitor is generally 0.1 
BF. Triac latches when start button is pressed 
momentarily, and is then retriggered each 
half-cycle. Press stop button momentarily to 
turn off motor,—J. H. Galloway, Using the 
Triae for Control of AC Power, General Elec- 
tric, Syracuse, N.Y., No. 200.35, 1966, p 6. 


LOAD AREA 


olZO.WAC 
ADJUST +13V 
DELAY, 
GE 27+ 
scase HPN- 27-1 
R2 aay 
INPUT 
{20V MAGNAREED 
60~ 1O2MPCX9 
100 MFD 
BOV. 
+45V a= 
LOAD 
UP To 
200 | 
WATTS 
4 SWITCH 
o~ CLOSURE 
INPUT 


1,200-W TRIAC WITH DELAY—Adjustable de- 
lay applies trigger to triac at predetermined 
time after ST is set at START, after which 
triac latches on and applies full line voltage 
to load. Moving switch to RESET opens triac 
and recharges capacitor for next operation. 
J. H. Galloway, Using the Triac for Control 
of AC Power, General Electric, Syracuse, N.Y., 
No. 200.35, 1966, p 6. 


MEMORY FOR MOMENTARY CONTACT 
Shorting of switch contacts discharges 0.001- 
uF capacitor through neon, firing it and hold- 
ing relay closed until 135-V supply line is 
opened.—W. G. Miller, “Using and Under- 
standing Miniature Neon Lamps,” H. W. Sams 
& Co., Indianapolis, Ind., 1969, p 66. 


TRIAC 


TRIGGER 
"ON" 


LOAD 


BASIC TRIAC LATCH—Used as switch for ap- 
plying power to load when trigger pulse 
reaches input terminal. Can be turned off 
either by interrupting power with $1 or by- 
passing trigger with $2. Triac is initially 
blocking when load is applied, and latches 
to conducting state because it is retriggered 
by a-c line each half-cycle after being turned 
on by external trigger. Triac used must be 
specially selected for triggering in II-+- mode 
(third quadrant, positive gate current and 
voltage), at load current required. For 220- 
V line, change C1 to 0.5 wF.—J. H. Galloway, 
Using the Triac for Control of AC Power, 
General Electric, Syracuse, N.Y., No. 200.35, 
1966, p 6. 


MAGNETIC-CORE READOUT—Provides 
level output through scr for solenoids, mag- 
netic clutches or brakes, and squibs without 


intermediate amplifier stages. 


is triggered on, it remains on until reset by 
opening d-c anode supply.—High Level Read- 


LATCHING CIRCUITS 


SCR LATCH—Closing $1 momentarily makes scr 
saturate, sending up to 1.6 A through load. 
Closing $2 momentarily causes commutating 
capacitor C to begin discharging, thereby 
turning off scr and keeping it off until an- 
other gate pulse is applied by $1.—A. Harris, 
Semiconductor Switching of Low-Power Cir- 
cuits, Electronics World, June 1967, p 33~35. 
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LATCHING LAMP DRIVER—Uses single planar 
pnpn switch, equivalent to pnp-npn comple~ 
mentary transistor pair, as low-cost driver 
for Nixie tubes, alphanumeric display tubes, 
and neon lamps. Circuit is immune to trig- 
gering by line transients.—Planar Neon Driver 
Silicon Controlled Switch 3N83, General Elec- 


tric, Syracuse, N.Y., No. 65.17, 1964. 


high- 


she 


CORE OUTPUT 
AAIO7 -(3V-1.0uS) 
2N3028- (3V-O.1WS} 


Once circuit 


out From Magnetic Cores, Solid State Prod- 


ucts, Salem, Mass., No, 2. 


+2.6V=0N 
OTOO2Vs 
OFF INITIALLY 


NOTE: To locate additional circuits in the category of this chapter, use the index at the back 


of. this book. 
McGraw-Hill in 1968. 


Check also the author’s “Sourcebook of Electronic Circuits,” published by 


| CHAPTER 47 
Logic Circuits 


+3.6Vde 


INPUT 
{MANUAL TRIGGER, 


ALTERNATE [~~ =i) 
S2 
) 


ANALOG INPUT 2 
O.7V THRESHOLD) 


ec 
ALTERNATE (NPUT 
(VARIABLE 2 

THRESHOLD) 


DIGITAL LATCH—Provides low-cost replace~ 
ment for conventional threshold circuits in 
digital systems. Uses anly dual-gate logic 
element connected to give positive feedback. 
Alternative connections for various applica- 
tions are shown in dashed boxes. With 
manual input $2, effect of switch bounce is 
eliminated. For variable threshold, 10K pot 
is connected to input A.—N. Neidich, Threshold 
Detector Uses IC, EEE, Jan. 1967, p 114. 


+4y 


WRITE 
DATA 


12k 


WRITE 
COMMAND 


READ 

SWITCH IN 
MEMORY WRITE DRIVER—Write-command sig- 
nal and binary 1 on write data line together 
turn off Q4 and turn on Q2, to make 12-V 
signal appear on digit line. End of com- 
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~ 
J 


ALTERNATE RESET 
{FROM SYSTEM LOGIC) 


TO DIGIT 
LINE 


1N3605 


Q4 
2N2369 


Da 


1N3605 1N3605 


trips.—D. E. Brewer, S. Nissim, and G. V. 
Podraza, Suitcase-size Memory for Longer 
Space Trips, Electronics, Nov. 13, 1967, p 
138-146, 


mand pulse turns off Q2 and turns on Q3, 
for fast discharge of digit line, after which 


Q4 turns on again to ground fine. Used in 
computer storage developed for long space 


LOGIC CIRCUITS 


DUAL FET ANALOG SWITCH—Crystalonics 
CDA2 hybrid package contains pair of basic 
fet switches with integral drivers, working 
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18 78K +1, +2 


12K +3, “4 e: 


tion 


1¢ BINARY COMPUTER—Simple 3-bit adder is 
excellent for illustrating binary arithmetic. 
All transistors are Motorola HEP-51 and all 
diodes are HEP-154. $13-S6 are dpdt slide 
switches, and lamps BI-B4 are GE No. 48, 
Article gives construction details. —“Inte~ 
grated Circuit Projects,” Motorola, Phoenix, 
Ariz, 1966, p 19-31. 


INPUT 


directly from logic. 
analog. signals to ground or virtual ground 
only. 


intended for switching 


Logic current drain and power consump- 
are kept low, by tradeoff with switching 


3 speed. Can also be used as integrator reset. 
Hybrid 1C’s, Crystalonics, Cambridge, Mass., 
1969, 


8 


Bol af 
‘Oonep 556 5 ‘aa 0 


toa era si 


553 
GATE 


+6y 


CONVERTING TRANSMITTED DIGITAL DATA 
TO LOGIC LEVELS—~Accepts digital data trans- 
mitted long distances over four pairs of lines, 
with clock input from fifth line, and converts 


hack to original logic level format. Will re- 
ceive data at 600 kHz with 5-V pulse amplitude 
and 30-ns pulse width, Each pair of NAND 
gates forms latch held in reset mode prior to 
arrival of input clock pulse. Clock triggers 
1-48 one-shot while incoming data pulses set 
appropriate latches made from NAND gates.— 
K. Erickson, EC Line-Receiver Converts Pulse to 
Logic Levels, Electronics, Jan. 19, 1970, p 94, 
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INPUT +70V +360V O 


OUTPUT +10V 


THREE-INPUT MAJORITY GATE—-10-V output 

appears at X whenever at least two of the 

three lamps (VJ, V2, V3) extinguish.—W. G, 

Miller, “Using and Understanding Miniature 
V5 : : 
Neon Lamps,” H. W. Sams & Co., Indianapolis, 
Ind., 1969, p 53. 


OX 


ALL LAMPS 
5AB-B 


+12V 


CONVERTING NOR LOGIC TO MVBR—Addition 
of timing capacitors to two transistor-resistor 
NOR logic circuits gives astable and mono- 
stable mvbr operations, Article gives equa- 


EXCLUSIVE-OR—Uses only one transistor and 
three diodes, none of which are critical as to 


type. Q1 is off when A and B are both at 


0.1 V or when both are at —10 V. Q1 is 
on when A and B are at different levels, D3 
may not be needed if binary data levels are 
maintained within a few tenths of a volt,— 
A, J. Franchi, Exclusive-Or Circuit Uses Fewer 
Components, Electronic Design, Sept. 14, 1964, 


tion for values of Rb and external C to give 
desired frequency, Flip-flop is obtained by 
adding R-C differentiator steering diode net- 
works.—L. E. Frenzel, Jr., NOR Circuits Easily 
Convert to Multivibrators, Electronic Design, 
Feb, 15, 1965, p 76-77, 


p 74-75, 
Rt +4y +12v 
Dg 

Dy 2N2540 1N914 
FROM 4N3605 
HIGH-LEVEL- 
DRIVER 

Cy ADDRESS LINE 
330 pf TO MEMORY 
MEMORY LINE DRIVER—Power dissipation is 

TO held down to 0.8 W by making inductive 
LOW-LEVEL output impedance form resonant circuit with 
DRIVER Do distributed capacitance of line. Nonlinear 

IN3605 characteristics of driver prevent ringing. 


Used in computer storage developed for long 
space trips.—D. E, Brewer, $. Nissim, and G. 
V. Podraza, Suitcase-size Memory for Longer 
Space Trips, Electronics, Nov. 13, 1967, p 
138~146, 


INTERFACE—Provides logic 1 output at re- 
quired level such as +3 V for any logic 1 
input. Uses OE 9125 opamp. First opamp is 
absolute-value circuit, and second is small- 
hysteresis that provides sharp transition from 
one stage to the other. Output is bound by 
single zener. When switch is up as shown, 
zero input gives logic 1 output. With switch 
down, zero input gives logic 0 output—A 
Universal Digital Interface, Optical Electronics, 
Tucson, Ariz,, No. 10132. 


3.9K +12V 
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MODERATE TEMPERATURE 


“Vv 


VERSION VERSION 


TEMPERATURE EFFECTS ON NOR—Circuit at 
left permits fan-in and fan-out ratio of 4 
for temperatures from —55 C up to mod- 
erate temperatures. For higher temperatures, 
negative voltage supply is needed to com- 
pensate for leakage current of transistor, and 
fan-in, fan-out ratio is reduced to 3. Logic 
speed of both versions is up to 4 MHz, but 
can be doubled by using 2N2369.—Basic NOR 
Logic Circuit, Electronic Design, April 13, 
1964, p 66, 


HIGH TEMPERATURE 


+6V +6V 


EXCLUSIVE-OR—Complementary transistors re- 
duce cost and complexity. When inputs A 
and B are both logical zero (--6 V), output is 
logical zero. When either A or B is logical 
one (ground), output changes to logical one. 
When A and B are both logical one, output is 
logical zero.—J, L. Shagena, Complementary 
Transistors Reduce Exclusive-OR Size, Elec- 
tronic Design, March 16, 1964, p 102. 


4By 


a, 


Rg 
0.12 


2N3920 


DTL CONTROLS 20 A—Complementary com- 
pound switch, operated by buffer transistor 
Ql, permits control of loads up to 20 A with 


conventional digital IC logic. Signal at base 
of Q1 saturates it, turning on Q2 and 10-A 
transistors Q3 and Q4.—L, S. Bell, High- 


Current Switch Is Driven by an IC, Electronics, 
Nov. 11, 1968, p 120. 
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INPUT +70V +360V 0 
OUTPUT +10V 


THREE-INPUT OR GATE—Converts high-level 
(70-V) logic to value useful in solid-state cir- A 
cuits (10 V). Point X is at 10 V if either V1 or 

V2 or V3 is extinguished by 70-V input. Out- 

put is taken from voltage developed across 

27K resistor when V5 fires.—W. G. Miller, B 
“Using and Understanding Miniature Neon 
Lamps,” H. W. Sams & Co,, Indianapolis, Ind., 
1969, p 51. 


ALL LAMPS 


Q8 
2N2907A 


INPUT LOGIC 
{SG191} 


Q2 
2N3011 


IN751A 


\.PUSH-PULL SWITCH SELECTORS 


Vaur 
COOL CORE DRIVER—Provides power re- Uses differential amplifier Q3-Q4 to activate 


10/th 


quired to give fast rise time in core windings, either 5-V or 12-V supply, when triggered by 

then automatically switches to low-power comparator that senses current flowing EQUIVALENT 
constant-current source having low supply through core winding.—C. J. Ulrick, Core- CORE LOAD 
voltage, to reduce power dissipation in tran- Memory Driver Runs Cooler, Electronics, Oct. 


sistors and thereby improve circuit reliability. 13, 1969, p 102—103. 


LOGIC CIRCUITS 


INPUT. ie 
my LEVEL-SHIFTER — Converts unbalanced input 
pulses (0 V and +4 V) to balanced output 
pulses (—6 V and +6 V). With values 
output shown, output impedance is 90 ohms. If in- 
Ra é hibit terminal is grounded, output is held at 
180 —6 V regardless of input voltage. Circuit 
t was originally used to convert fast-rise pulses 
Rs to slow-rise pulses for transmission over long 
180 lines.—W. J. Travis, Unbalanced to Balanced 
INHIBIT pebas5 Level-Shifter, EEE, Nov. 1966, p 155-156. 
-lev 
ee APPLIED 
Voc V, 
+¥de R Teena}! %3R “ee 
| 
Inputs CR, | QUTPUT 
N 
Pp 
U 
i 
Transistors 2N708 s 
Diodes 1N252 
R, 100K 
Ry 10K 
R, 500K 
on 0.001 pF 


PULSE STRETCHER WITH NOR GATE—Provides 
output pulse having predetermined minimum 
duration of about 1 ms, as required in square- 
root computers and digital oscillators. With 
ail inputs at ground, output is positive and 
current flow through CI-RI turns on Q2 until 
Cl is charged, If inputs become positive 
while Q2 is still conducting, Q1 is not affected 
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because its base is grounded by Q2. inputs 
regain control when Q2 stops conducting.— 
“Selecting Electronic Circuitry,” NASA SP-5046, 
1966, Government Printing Office, Washington, 
DC, p 78, 


TRANSISTOR COUPLES NPN TO PNP—Germa- 
nium 2N1303 QI converts signals from npn IC 
to correct polarity and levels required by pnp 


ADDING INPUTS TO NAND GATE—By chang- 
ing value of Vcc and adding resistor, three 
triple-input gates in common package can be 
converted to single 9-input gate. Output is 


a4 


discrete transistor at right. 


improves input noise rejection capability of 
left.—G. D. Morant, Grounded-Base 


ic at 


~6y 


Arrangement also 


high only when negative voltage is applied to 
all inputs,—R. L. Frank, NAND Gate Inputs 
Expanded by Adding Resistor, Electronics, 
March 17, 1969, p 95—~96. 


OUTPUT 
s 


STANDARD PNP TRL 
DISCRETE COMPONENT 
LOGIC ELEMENT 


~Vee 


Amplifier Mates NPN To PNP, Efecfronics, Feb. 
5, 1968, p 89. 
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DIODES SPEED PULSE INVERTER—Diode feed- 
back keeps transistors in their active region, 
+19V avoiding saturation and cutoff. Delays are 

| | reduced to about 2 ns. Transistor capaci- 
OUT tances have very little effect on switching 
speed, as long as diodes are fast-switching 
low~capacitance types.—A. P. Lipps, Fast Logic 
Circuits with High Noise-lmmunity, EEE, Dec. 
1968, p 100~103. 


ALL DIODES IN3064 


+41.5V 
= - ue 
O+10 V R 
+5V 1600. 
v2 
INDUCTOR LIS 5 TURNS OF 24 AWG 03 
ENAMEL WIRE, 3/16 in. Diom., AIR-CORED 2N2848 
Q3 
MPS6534 a 
2N2848 


200pF 
O OUTPUT o it —. 
INPUT i 
TD, 
M1533 , cy R ce 
F AOR: Boo 318m Tés09F 
39 k uF 

OPTICAL LOGIC DRIVER—Output is zero at 
all times except when Q2 is illuminated by VI) 
about 220 foot-candles and Q1 is not. Q2 a heey 


then saturates Q3 and gives positive output WORD-LINE DRI VER—Tunnel diode acts as one- rise and fall times are 4 ns, Pulse width is 
for driving 10-mA load. Can be used to fur- shot to give fast switching speed and adjust- adjustable from 15 to 22 ns.—W. W. Wu, 
nish control signal for static switch.—“Semi- able recovery time while delivering 220 mA — Tunnel Diode Speeds Word-Line Driver, EEE, 
conductor Power Circuits Handbook,” Moto~ to 160-ohm load, Delay time is 5 ns, while Jan. 1968, p 118 and 120. 

rola, Phoenix, Ariz., 1968, p 4~21. 


+12¥ -1By -6y 


SUM OR 


(5K OIFFERENCE 


© CARRY 


© BORROW 


FULL ADDER-SUBTRACTOR—Use of threshold given threshold before inverter will switch. 


logic reduces number of components needed Article gives truth table.—R. Bouchard, 
to provide complete complementary outputs, Threshold Logic Provides Complete Comple- 
Basic element is threshold inverter having mentary Output, Electronic Design, May 24. = 


weighted inputs, some of which must exceed 1965, p 50. 


INPUT +70V 
OUTPUT + lov 


LOGIC CIRCUITS 377 


+360V 0 


ALL LAMPS 


= 1k 110K 5AB-B 


LOGIC-LEVEL SHIFTER—-Although more com- 
plex than single-transistor circuits used to 
shift voltage levels in digital systems requir- 
ing two or more driving voltages, three-tran- 
sistor version provides much more accurate 
control of output level, has good thermal 
stability, and has high input impedance. Sig- 
nals can be shifted over 18:V range. One 
desirable application is interfacing.—J. E. 
Walters, Adding Transistors Makes Voltage 
Shifter Adjustable, Electronics, Dec. 12; 1966, 
p 108-109, 


+18V 
PRESET 15K FILM 
tray SWITCH SWITCH 


(N56 IN56 


Dame 
c <+0.4V 


THREE-INPUT AND GATE~Converts high-level 
(70-V} logic to value useful in solid-state cir- 
cuits (TO V)}. Output is taken from voltage 
developed across 27K resistor when V5 fires. 
This happens only when VJ and V2 and V3 
are extinguished by 70-V inputs.~W. G. Mil. 
ler, “Using and Understanding Miniature 
Neon Lamps,” H, W. Sams & Co., Indianapolis, 
Ind., 1969, p 52. 


EXCLUSIVE-OR—Used to compare binary bits 
from film memory with binary numbers set 
on switches. If preset switch is open, output 
signal is high only if film switch is closed. 
With preset switch closed, output is high only 
if film switch is open. This gives exclusive-OR 
function. Both sets of conditions allow point 
E to drop below +-12 V and turn on tran- 
sistor.—F, Neu, Inverted Exclusive-OR Circuit 
Compares Binary Bits, “400 Ideas for Design 
Selected from Electronic Design,” Hayden Book 
Co., NLY., 1964, p 83. 


INTERFACE—Output levels of adjustable- 
hysteresis threshold circuit are compatible 
with TTL or DTL IC’s. Tunnel diode switches 
to high-voltage state when input current is 
greater than peak current of diode, but does 
not switch back to low-voltage state until 
input gurrent is less than sum of diode’s 
valley current and transistor base current. 
Magnitude of 12 determines whether circuit 
hysteresis is positive, zero, or negative (un= 
stable), Used for interfacing within digital 
computer.—O, A. Horna, Improved Tunnel- 
Diode Threshold Circuit Has Adjustable Hys- 
tersis, EEE, Feb. 1968, p 125. 
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TRIGGER 
(INHIBIT 


TRIGGER 
INHIBIT 


SET-RESET FLIP-FLOP—Use of four gates on 
single IC, connected as shown, is convenient 
low-cost method of obtaining common logic 
circuit not readily available in completely in- 
tegrated form. Positive logic NAND gates A 
and B form dec bistable flip-flop that changes 
state when trigger input to Cl goes to zero. 
To switch it back, trigger input to Cl must be 
returned to ONE state and negative input 
applied to gate B. Gates C and D provide fast 
recovery time. Will trigger on sine waves 
down to about 50 Hz and generate clean, 
symmetrical square waves,--R. Glasgal, Dual- 
Quad IC Gives Flip-Flop a Fast Recovery, 
Electronics, Feb. 5, 1968, p 86-87. 


$10 PER DECADE—Resistor-transistor IC logic, 
although slower than DTL and TIL schemes, 
gives operating speeds from d-c to 8 MHz 
for counting decades, at about third of parts 
cost of more modern IC’s. All IC’s use 3.6 
V d-c supply. Best code is 1-2-2-4 weighted 
biquinary, arranged as shown.—D. E. Lan- 
caster, For Low Cost, Count On RTL, Electronics, 
Jan, 22, 1968, p 74-76. 


RESET 


O OUTPUT 


GATES 
A,B,C, AND D 
TISN7400 


4 OUTPUT 


+26V 


ov 
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LOGIC LEVEL INDICATOR—Lamp A_ glows 
when output level of LPA Philips 60-series 
NORbit block is high, and lamp B glows when 
level is low. Display is fail-safe; if lamp A 
blows, lamp B immediately goes dim. Opera- 
tion depends on use of lamps having different 
ratings; lamp A is 28 V and 0.1 A, while lamp 
B is 16 V and 40 mA. High level here is 11.4 
to 30 V, and low level is 0 to 0.3 V.—Logic 
Level Indication By Two Lamps, Philips, Pub. 
Dept., Elcoma Div., Eindhoven, The Nether- 
lands, Application Note. 


ony 
iOOK 


= 


ANOTHER STAGE 


3N84 


INPUT 


O2VORO7V 


200W 
LAMP 


Nov 


AC TI 


BRIDGE RECTIFIERS 
HANDLE TOTAL LAMP LOAD 


DRIVING LAMP WITH LOW-LEVEL LOGIC— 
Turns on 200-W lamp for 0.7-V upper logic 
level, giving normal brilliance, but does not 
turn on scs and lamp for 0.2-V lower logic 
level. 2N2646 oscillator turns on 2N527 for 
about 20 us at 1-kHz rate; this pulse rate acts 
through transformer T1 to trigger scr C22 and 
give full brilliance of 110-V lamp.—Planar 
Silicon Controlled Switch 3N84/3N85, General 
Electric, Syracuse, N.Y., 65.18, 1964, 


+18v de REGULATED 


EMICO 132D5 METER 
WITH SPECIAL SCALE 
0-10 ma d-c 


2430 
1% 


MPS2923 ‘4, 


CARRY 


LOGIC CIRCUITS aod 


OUTPUT 


gcUTPUT 
i ae ee 


IC SWITCHING~R-S flip-flap IC SN51O0 acts as 
selector to provide switched output without 
interrupting pulse generator, Eliminates 
chatter caused by manual switch alone. 
When switch is in OUTPUT’ position, +6 V 
is applied to reset line; output of flip-flop is 
then positive and no signal goes to SN514 
dual NAND gate. In OUTPUT position, flip~ 
flop is near ground and SN514_ controls 
transistor driver that can furnish 4.5 V at up 
to 75 mA for several clock line pulses.—G. 
P. Carter, Circuit Prevents Pulse Interruption 
or Chatter, Electronic Design, March 16, 1964, 
p 106-107. 


INPUT +70V +360V 0 
OUTPUT +1OV 


~ ALL LAMPS 
5AB-B 


DIGITAL TV DISPLAY—Converts 5-V logic 1 and 
0-V logic 0 signals to EIA standards for video C 
(+1 V video, —0.1 V blanking, and 0.4 V 


sync) feeding into EIA standard 75-ohm load. + 10K 110K ate 
Used for computer-generated digital television 

displays. Several crt monitors may be fed NEON AND GATE—Has 70-V input and same 

in parallel, with 70-ohm termination attached output for operating additional high-level 

to last monitor. Frequency response is flat logic circuits. V5 fires only when VI, V2, and 

within 1 dB from d-c to 20 MHz.—T. A. Ander- V3 are extinguished.—W. G, Miller, “Using 

son, Inexpensive Video Distribution Amplifier and Understanding Miniature Neon Lamps,’ 
Converts Logic Signals for TV Displays, EEE, H, W. Sams & Co., Indianapolis, Ind., 1969, p 

Nov. 1967, p 124, 53. 


Dy 
1N4734 


@ 


PROTECTING IC FROM NEGATIVE OVERDRIVE symmetrical to ground and which therefore positive inputs to 5 V and negative to ory 
—Permits driving DTL, TTL, and other current- may exceed ratings of logic elements in nega- —R. K. Underwood, Converted Gener t : 
sinking logic with standard laboratory signal tive direction. Voltage swings of 25 V nega- Drives Heavy Logic Loads, Electronics Feb ye. 
generators that produce output waveform _ tive will not damage IC. RI and D1 clamp 1969, p 97-98. f +17, 
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0 +10V 


39k 


ai 
MRO300 


a2 
MRO300 


OPTICAL LOGIC DRIVER—Can be used for 
delivering control signal to static switch, 
Output is positive, providing 2 mA to load, 
at all times except when phototransistors Q1 
and Q2 are both exposed to bright light of 
about 220  foot-candies.—”Semiconductor 


Power Circuits Handbook,” Motorola, Phoenix, 
Ariz., 1968, p 4-20. 


+10 V 


a3 
MPS6534 


OUTPUT 


a 
MARD300 


R2 
20 k 


Al 


39 k 

OPTICAL LOGIC DRIVER—Output is zero at all 
times except when both Q1 and Q2 are illu- 
minated by about 220 foot-candles, in which 
case they saturate Q3 so it can provide at 
least 10 mA for static switch or other load. 
—"Semiconductor Power Circuits Handbook,” 
Motorola, Phoenix, Ariz., 1968, p 4—20. 
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NEGATIVE-POSITIVE LOGIC CONVERTER~ 
Transforms negative control signal into re- 
quired positive logic for digital IC, at clock 
rates from d-c to above 2 MHz. Negative d-c 
voltage levels below zero are changed to posi- 
tive logi¢ level of system, in range of 3.6 to 
7 V. When negative pulse reaches input, ail 


output 


BOOSTING LOGIC OUTPUT—With input from 
IC and 6-V supply, low input gives 35 V 
maximum output at 5 ZA, and high input 
gives 0.2 V maximum output at 100 mA. 
Diode is BAX13, R1 is 560 ohms, and R2 is 
6.8K.—1. Deerson, FC Family of DTL Integrated 
Circuits, Philips, Pub. Dept., Elcoma Div., Eind- 
hoven, The Netherlands, 1970, p 139. 
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CONSTANT-VOLTAGE SINK FOR CLAMPED 
LOGIC—Gives any constant voltage from 5 
to 15 V d-c and will sink up to 3 A of 
reverse current when serving as constant~ 
voltage sink. Output voltage regulation is 


better than 2%. Circuit is similar to shunt- 
regulated power supply except for reversed 
load.—M. W. Raybin, Second Breakdown Gives 
Fast Pulses, EEE, March 1967, p 162 and 164. 
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MPS6522 


OUTPUT 


three transistors are switched on, and in- 
verted signal appears at output. Noise immu- 
nity is better that 400 mV for 0 to 100 C.—J. 
A. D’Cunha, Negative Signals Converted to 
Positive Logic, Electronics, March 17, 1969, p 
97. 
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OPTICAL LOGIC DRIVER—Provides positive 
output voltage for ail combinations of illu- 
mination on phototransistors QI and Q2 ex- 
cept that when light is on Q1 but not on Q2, 
Will furnish 2,mA to load. About 220 foot- 
candles from flashlight shining on Q1 will 
saturate Q3 and reduce output to zero.— 
“Semiconductor Power Circuits Handbook,” 
Motorola, Phoenix, Ariz., 1968, p 4—20. 


output 


ov 
1-A LOW LOGIC—With input from IC logic 
unit and 6-V supply, low input gives 35 V 
maximum output at 5 vA and high input 
gives 1 V maximum output at 1 A. Values 
are: D1 BAX13; TR1 BFY51; TR2 BFY50 with 
heatsink; R1 560; R2 30; R3 6.8K; R4 470.~J. 
Deerson, FC Family of DTL Integrated Circuits, 
Philips, Pub. Dept., Elcoma Div., Eindhoven, 
The Netherlands, 1970, p 139. 


CHAPTER 48 
Magnetic Tape Circuits 


TAPE PREAMP—Output is flat within 1 dB from 
20 to 20,000 Hz with NAB equalization, Gain 
is remotely controlled electro-optically; con- 
trol circuit changes intensity of light source 
acting on photoresistor, altering 
feedback resistance. 


effective 
Technique provides com~ 
pletely noise-free control of gain, Uses Fair- 
child “A709 or National LM709 1C opamps.— 
$. L. Silver, 1C Op Amps Boost Audio Circuit 
Performance, Electronics World, Sept. 1968, 
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AGC FOR RECORDING—Simple automatic gain 
confrol amplifier, used in Sonymatic TC-900 
tape recorder, maintains proper recording 
level automatically within 10 dB, for input 


level changes up to 90 dB. Age control tran- 
sistor Q6 acts as variable shunt impedance at 
output of amplifier @1, to adjust overall 


0 
ear 


= RECORD HEAD 
gain.—Recorder Gain Control Eliminates Level 
Indicator, Electronics, Nov. 14, 1966, p 165~ 
166, 
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70-KHZ ERASE-BIAS OSCILLATOR—Uses low~ to 80 kHz) to give minimum of 60 dB erasure coupled mvbr with tuned load.—D. V, Jones, 
cost silicon transistors requiring no heat sinks, with stereo erase head. Total power output Tape Erase and Bias Oscillator, General Elec- 
Provides sufficient power (over 10 mA at 70 is 1.5 W, with 60% efficiency, Circuit is cross- tric, Syracuse, N.Y., No, 90.14, 1965. 


NOTE: ONLY |} CHANNEL SHOWN OF 4 WATT SYSTEM PAz37 
SINCE 2.ND. CHANNEL IS AN EXACT DUPLICATE. 


+22V 15K 


TAPE HEAD 5 
(NORTRONICS B2Q7K 
OR B2L7K Q) ~ 2N3900A Qo - 2N3392 
OR EQUIV.) ized for 1% or 334 inch per second tape OR 2N5232A 
4-W IC STEREO TAPE CARTRIDGE SYSTEM— speed. Treble equalization control is used to Dwight V. Jones, Monolithic 2 Watt integrated 
Uses GE PA-237 integrated circuit to drive compensate for program material, tape head, Amplifier—Characteristics and Applications, 
16-ohm load, with two-transistor preamp speaker, or serve as ordinary tone control. General Electric, Syracuse, N.Y., No, 90.73, 


between tape head and IC. Preamp is equal- Output is adequate for 8-track system.— 1968, p 13. 
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REGENERATING PULSES ON PLAYBACK—Sim- 
ple one-shot mvbr regenerates d-c pulses 
recorded on analog tape. Pulse width, pulse 
amplitude, and time relationships of recorded 
waveform are thus preserved at output of 
channel. External voltage divider can be used 
to set output amplitude.—B. C. Tupper, Re- 
generator Restores Pulses Recorded on Analog 
Tape, Electronic Design, Nov. 23, 1964, p 61. 


RECORD 


DC INPUT 
PULSE 


DC OUTPUT 


PLAY BACK 


LINEAR LOW-FREQUENCY MODUL4TOR—Uses 
ujt to generate sawtooth whose period is con- 
trolled by input to give f-m signal for re- 
cording on magnetic tope. Low-pass filter at 
output attenuates sawtooth harmonics above 
audio frequencies to prevent them from heter- 
odyning with bias oscillator of recorder, 
Original dc signal can be restoréd by playing 
back into limiter, discriminator, and d-c am- 
plifier—J. H. Hammond, Inexpensive FM 
Modulator Has Good Linearity, Electronic 


Design, Nov. 9, 1964, p 72-75, 
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“fav 
DIGITAL CONTROL—Two predetermined gain 
levels in preamplifier for digital magnetic tape 
transport are selected by digital command. 
Higher gain mode compensates for reduced 


UNMARKED DIODES 1N314 
UNMARKED TRANSISTORS 2N930 . 
5.6 WAVEFORMS SHOWN FOR HIGH GAIN MODE ONLY 


amplitude of read-head output pulse when 
recorder is operated at slower of its two 
speeds. Speed-changing commands are de- 
rived automatically from speed control logic 
of recorder. Differential amplifier Q1-Q2 


allows preamp to handle signals with peak- 


[ +8y 
Ov 
SIGNALS FROM 


SPEED LOGIC 
CONTROL 


25 

to-peak difference amplitudes as low as mifli- 
volts while rejecting common-mode noise.— 
I, W. Salmon, Digital Commands Control Dif- 
ferential Amplifier Gain, Electronics, July 24, 
1967, p 85-86. 
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NAB EQUALIZATION—Uses 


Model 
opamp in network giving standard equaliza- 


425 Ic 


tion for magnetic tape. Simpler network at 
right will serve for less critical applications. 
—B, J. Losmandy, Operational Amplifier Appli- 
cation for Audio Systems, Opamp Labs, Los 
Angeles, Cal., 1968. 


Oe, 


100.1. 


ins ) 
005 yf Gain = S00 (s4DB 


TAPE HEAD PREAMP—R-C network across 
winding of tape head suppresses oscillation 
in Model 4009 d-c opamp, Gain is 500 (54 
dB).—-B, J. Losmandy, Operational Amplifier 
Application for Audio Systems, Opamp Labs, 
Los Angeles, Cal., 1968. 
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STEREO RECORDING LEVEL INDICATOR—Meter 
reading is proportional to peak-peak voltage 
at collector of driver transistor in channel 
having highest recording level. At input of 
4 V rms, corresponding to point where dis- 
tortion due to tape saturation becomes sig- 
nificant in typical recorder, direct current 
through meter is 95 4A.—Transistor Audio 
and Radio Circuits,” Mullard Ltd., London, 
1969, p 79. 
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ELECTRICALLY ACTUATED SCR—Control signal 
for bilateral scr can be either properly phased 
60-Hz or any signal above 600 Hz. 
is tuned, tones from tape recorder can be 
used to activate selectively two or more of 
these switches.—E. K. Howell, Bilateral SCR 
Lets Designers Economize on Circuitry, Elec- 
tronic Design, Jon. 20, 1964, p 74-77. 
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PHONO-TAPE PREAMP—Developed for stereo 
magnetic phono cartridges and stereo tape 
heads. Ganged switch provides RIAA equali- 
zation at phono setting and NARTB equaliza- 


tion for tape setting.—“Essential Characteris- 
tics”, General Electric, Owensboro, Ky., 13th 
Edition, 1969, p 363. 
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DIGITAL TAPE PEAK DETECTOR—Q1 and Q2 
form complementary peak detector that de- 
tects input signal of 2 to 8 V p-p over a range 
of 5 to 15 kHz, and delivers pulse at each 
peak of input sine wave, Q3-Q4 clip detector 
outputs and deliver rectangular pulses whose 
trailing edges coincide with peaks of input 
wave, Width of output pulses is determined 
only by time constant of R-C networks at input 
to pulse amplifiers Q5-Q6, Circuit eliminates 


need for full-wave rectifier normally used to 
make bipolar pulses from tape hend unipolar, 
—C. A. Herbst, Peak Detector Senses Bipofar 
1969, p 81. 


Inputs, Electronics, July 21, 
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4-W FOUR-SPEED AMPLIFIER—Includes equali- 
zation for four commonest tape speeds and 
choice of three inputs for driving tape re- 
corder. During recording, TR5 and TR6 serve 
as 50-kHz oscillator in which erase head is 
used as oscillator coil. Frequency response is 
flat within 3 dB from 55 to 20,000 Hz for 7.5- 


Po 
inch-per-s speed but cuts off at 
6,000 Hz respectively for next two lower 


12,000 and 


speeds.—"Transistor 
cuits,” Mullard Ltd., 


Audio and Radio Cir. 
London, 1969, p 70. 
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TAPE RECORDER MOTOR SUPPLY—Used for 
quick checking of batteries in portable tape 
recorders and phonographs. Two outputs, for 
3 and 9 V, handle practically all types of 
motors used in these applications. 3-V supply 
is variable, for checking motors at specified 
operating voltages.—L. Chioma, Tape Recorder 
Repair, G-E Techni-Talk, Fall 1967, p 1. 
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SWITCHING DIRECTION-HOLDING 
AMPLIFIER AMPLIFIER 
AUTOMATIC REVERSAL — Switching amplifier 
senses absence of a-c signal on tape and 
produces d-c voltage that feeds through con- 
trol amplifier to actuate direction-reversing 
solenoid of Sony tape recorder. Circuit time 
constants prevent tape from reversing during 
pauses in recordings and during startup.— 
Sensor Reverses Tape Direction When the 
Recording Ends, Electronics, Nov. 14, 1966, p 
163-165. 
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RECORD-PLAYBACK PREAMP—Uses TAA310 
low-level linear {C amplifier having high input 
impedance, 90-dB voltage gain, and noise 
less than 4 dB, External components include 
frequency compensation networks and volume 
control, Designed to feed 1,000-ohm imped- 
ance. Report gives characteristic curves,—The 
Amperex TAA310 in Tape Recorder Preampli- 
fiers, Amperex, Slatersville, R.l., $-132, 1967. 


CONTROL AMPLIFIER 


MAGNETIC TAPE 


TAPE HEAD 


INPUT 


TAPE PREAMP—Uses audio integrated circuit 
with 7-V single-ended supply to provide 4-dB 
noise figure, 90-dB voltage gain, and uncom- 
pensated frequency limit of 15 kHz. Ideal 
for tape record-playback preamp. Values of 
unlabeled resistors should be chosen for opti- 
mum results.—D. E. Lancaster, Audio Inte- 
grated Circuits—What’s Available?, Electronics 
World, Oct. 1967, p 34-36, 


BATTERY = 
9V OC 

AC ADAPTER 

(1ASI80) 


CASSETTE-RECORDER-PLAYER—Uses monaural 
two-track tape running at 1% inches per sec- 
ond, and operating from either 9-V battery 


or equivalent a-c adapter. Special Magnavox vention for 


1C requires only two additional transistors to 
provide required functions along with auto- 
matic level control and accidental-erasure pre- 
prerecorded cassettes.—I1V9019 
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COMPENSATED PLAYBACK PREAMP—Uses 
Mallory MICOTO1 IC audio preamp with R-C 
compensation network connected to output 
to compensate for increase in input signal 
with increasing recorded frequency, Gives 
essentially flat over-all response. Values of 
R and C should be selected to give flat re- 
sponse when NAB standard tape is played 
through head whose playback characteristics 
are known,—M. L. Deschler, Integrated Cir- 
cuit Preamplifiers, Mallory, Indianapolis, Ind., 
= APPN-2, 1968. 
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Cassette Tape Recorder, Magnavox Service 
Manual 6293, Fort Wayne, Ind., 1969. 
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FM RATE 


LIMITER—Prevents overloading 
caused by excessive rate of change and am- 
plitude when recording random signals on 
magnetic tape for instrumentation, using 
wideband f-m. Slope of output signal is 
limited to rate of charge or discharge of 
Cl through Dé. Has no effect on bandwidth. 
~—D, F. Franklin, Diodes Prevent Overload by 
limiting Input’s Slope, Electronics, Jan. 22, 
1968, p 69—70. 
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+5v LOW-HEAT F-M RATE LIMITER—-Constant-cur- 
rent transistors Q1 and Q2 replace resistors 
in diode-bridge rate limiter for instrumenta- 
tion tape recording, to reduce undesirable heat 
Use of complementary transistors 
gives constant-current operation.—D, F. Frank- 
lin, Diodes Prevent Overload by Limiting 
Input’s Slope, Electronics, Jan. 22, 1968, p 
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Ry: 100 kM Ris: 270 Ray: 82 kD Cy: 20 pF, 25 V, electrolytic Cy: 0.003 pF 
Rs: 150 kQ Rig 2.2 kD Ra: 470 kD Cs: 0,0033 uF Ga 5 uf, 6 V, electrolytic 
Re: 330 0 Rie: TKO Roa 56 kOL C,: 47 pF Cy: 1 pF, 25 V, electrolytic 
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RIAA-COMPENSATED PREAMP-—-Compensation, 
for magnetic input only, is within 1 dB of input, 220-mV crystal cartridge input, and 
ideal curve from 20 to 20,000 Hz. Circuit 100-mV tuner input. Response is within 
uses npn epitaxial planar silicon transistors, 1 dB from 20 to 20,000 Hz, and total 


Output is 1 V for 4-mV magnetic cartridge 


harmonic distortion below 0.14% for any 
input.—Preferred Semiconducters and Compo- 
nents, Texas instruments, Dallas, Texas, 
CC101, 1968, p 1054. 


CiC2C3Cz = 0.1 microfarad, paper 
C4 = 10 microfarads, 12 volts, elec- 
trolytic 
Cs = 15 microfarads, 6 volts, electro- 
lytic 
Ces = 5 microfarads, 25 volts, electro- 
lytic 
Ca = 50 microfarads, 25 volts, elec- 
trolytic 
CR, CRze = silicon rectifier, type 
1N270 
Q:Q: = MOS field-effect transistor, 
type 3N128 
Q:Q. = transistor, RCA SK3020 
RiR2RsR4Rz = 100,000 ohms, 1/2 
watt, 10% 
Rs = potentiometer, 10,000 ohms, 


audio taper 
Re = 180,000 ohms, 1/2 watt, 10% 
Res = potentiometer, 5000 ohms, 
straight taper 
Ro Ris = | megohm, [/2 watt, 10% 
Rio = 15,000 ohms, 1/2 watt, 10% 
Ru = 10,000 ohms, 1/2 watt, 10% 
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LINE AMPLIFIER WITH MIXER~—Used to pro~ 
duce uniform audio Jevels required for high- 
quality tape recordings. Circuit also includes 
volume compression to prevent overload by 
loud passages of speech or music.—“Hobby 
Circuits Manual,” RCA, Harrison, N.J., HM- 
90, p 72. 
Ris = 1200 ohms, 1/2 watt, 10% Ris = 470 ohms, 1/2 watt, 10% 
Ris = 100,000 ohms, 1/2 watt, 10% Riz = 2 megohms, 1/2 watt, 10% 


Riz = 1500 ohms, 1/2 watt, 10% 


CLIPPING MOMENTARY STEREO PEAKS—Used 
in recording amateur performances on stereo 
magnetic tape, where dB output cannot al- 
ways be accurately predicted in time for 
manual! reduction of gain, Intended to catch 
only momentary peaks, rather than serve for 
automatic gain-riding. Requires separate 


limiter for each channel, but resulting wander- 
ing of stereo images is not as serious as mo~ 
mentary overloads that are prevented, Block 
diagram illustrates how input is taken from 
any convenient point following limiter in am- 
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RAYSISTOR 
LAMP 


OUTPUT 


plifier channel, for feeding side amplifier 
shown here which drives lamp in Raytheon 
Raysistor unit, Photocell of Raysistor varies 
shunt resistance across input of channe! am- 
plifier (A1) to give desired limiting.—J, Young 
and W, B. Denny, Solid State Limiter for Tape 
Recording, Audio, Sept. 1965. 


AGC FOR RECORDER—Automatically reduces 
gain of recording amplifier when optimum re- 
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TAPE PLAYBACK PREAMP—Uses Mallory MIC- 
0103 dual-channel 1C preamp with tape 
heads connected directly to IC inputs. In- 
cludes R-C compensation for magnetic tape 
response characteristic.—M. L. Deschier, Inte~ 
grated Circuit Preamplifiers, Mallory, Indian- 
apolis, Ind., APPN-2, 1968. 
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PLAYBACK PREAMP—Uses Mallory MICO101 IC 
audio preamp with input terminals connected 
directly to tape playback head. Suitable for 
either audio or instrumentation applications. 
Uncompensated overall voltage gain of 57 to 
63 dB can easily be obtained with 3-dB band- 
width of 10 Hz to 700 kHz and output of 3 V 
p-p with under 10% total harmonic distortion. 
—M. L. Deschler, integrated Circuit Preampli- 
fiers, Mallory, Indianapolis, Ind., APPN-2, 
1968. 
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ally adjusting level. 


current with meter or magic eye and manu- 
Circuit responds very 


wherein loud and soft musical 
would be recorded with equal 


cording level is exceeded, to prevent severe 
distortion that occurs at tape saturation. 
Eliminates need for monitoring recording-head 


rapidly to overload signal, producing attenu- 
ation of 40 dB within §0 ms, but has long re- 
covery time to prevent volume compression 


Book describes operation of circuit in detail.— 
“Transistor Audio and Radio Circuits,” Mul- 
lard Ltd., London, 1969, p 80, 
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COMMON) BIAS-ERASE OSCILLATOR FOR mentary pairs of transistors, but bias voltages 
STEREO—Keeps bias and erase frequencies for recording heads are still derived from 
equal for stereo channels, to prevent pro- erase voltages across individual erase heads. 
duction of audio beat frequencies. Tuned —’Transistor Audio and Radio Circuits,” Mul~ 
erase heads are connected in parallel to form lard Ltd., London, 1969, p 77. 


load and feedback circuits for one of comple- 
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LOCKED BIAS-ERASE OSCILLATORS FOR 
STEREO—Feedback paths of individual oscilla- 
tors are connected together to make bias and 
= erase frequencies equal for both stereo 

channels, thereby preventing production of 
audio beat frequencies.—~’Transistor Audio 
and Radio Circuits,’ Mullard Ltd., London, 
1969, p 78, 


MAGNETIC TAPE BIAS OSCILLATOR—Basic tuned circuit determines frequency of oscilla~ 
transistor circuit for applying a-c bias uses tion and makes signal sinusoidal, Transistors 
common astable mvbr with center-tapped are not critical for bias frequency. of 95 kHz. 
transformer, in place of normal collector ree —J, G. McKnight, Biasing in Magnetic Tape’ 
sistors and capacitors, to complete parallel Recording, Efectronics World, Aug. 1967, p 
resonant circuit with transformer, This 34-—36 and 75, 


NOTE; To locate additional circuits in the category of this chapter, use the index at the back 
of this book. Check also the author’s “Sourcebook of Electronic Circuits,” published by 
McGraw-Hill in 1968. 


CHAPTER 49 


Measuring Circuits 


a eee 


MEASURING LIGHT INTENSITY—Uses high- 
gsin opamp to hold voltage across photoemis~ 
sive cell at almost zero voltage, to take ad- 
vantage of linear relationship between current 
flow and light intensity at cell voltages below 
a few millivolts. Output voltage of opamp is 
then equal to product of cell current and 
feedback resistance Rf which is selected in 
steps by $1. Total light energy, as from 
flash lamps, can be measured by closing $2 
and opening $3 to integrate output in second 
opamp.—J. Ph. Korthals Altes, Measurement 
of Light Intensity, Philips, Pub. Dept., Elcoma 
Div,, Eindhoven, The Netherlands, No. 85, 
1970. 


9) 
2 EP 2N2386 


+ 
MOVABLE-RANGE D-C VOLTMETER—Full-scale 
range of 1 V may be positioned anywhere 
between 0 and 7 V d-c input, such as for 
reading 4 to § V. With switch at position 
1, and input at low limit of voltage to be 


392 


photo 
emissive 
cell 


~ 


2k 
CALIBRATION 
ADJUST 


measured, drain current of fet is set at 350. 
uA with suppression-adjust pot. Switch is 
then moved to position 2, input voltage is 
increased 1 V above low limit, and calibra- 
tion-adjust pot is sef to give full-scale read- 


to 
meter 


ov 


Sk 
ZERO 
ADJUST 


10k 
SUPPRESSION 
ADJUST 


10k 


ing on 100-uA meter. Accuracy is 2%.—R. 
Traina, Multirange D-C Voltmeter, Electronics, 
Sept. 19, 1966, p 126. 
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TRANSISTOR STRAIN GAGE—Uses silicon npn 
planar piezoelectric transistor called ‘Pitran 
(made by Stow Labs, Stow, Mass.), having 
emitter-base junction mechanically coupled to 
Is sensitive 
enough to respond to feather touch, Voltage 
change per unit strain is over 10 times better 
than metal and other types of strain gages. 
Output is linearily proportional to mechanical 
input, and ranges up to 20% of d-c supply 
voltage.~-R. M. Moore, Semiconductor Gages 
Make Sense in Most Transducer Applications, 
Electronics, March 18, 1968, p 109-116, 


diaphragm in top of TO-46 can, 


10K 


MEASURING TRANSISTOR-DESTROYING SPIKES 
—Uses voltage divider for accurately dividing 
spike voltage generated by inductive switch~ 
ing, then increases power content of resulting 
low voltage so it can be measured with ordi- 
nary microammeter, Used in development 


work to locate and eliminate transistor-de- 
stroying spikes without having to spend 


MECHANICAL INPUT 


hours watching 
holds its position as long as switch $1 is on 


HOLD as 
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MILLIVOLTMETER PREAMP-—Increases sensitiv- 
ity of rectifier-type a-c millivoltmeter from 20 
mV rms down to 1 mV rms for full-scale de~ 
flection. Bandwidth is 800 kHz, same as 
rectifier stage. Voltage gain is 22, and may 


be adjusted, while input impedance is TOOK. 
Report gives design procedure.—"E-Line Tran-~ 
sistor Applications,” Ferranti Ltd., Oldham, 
Lanes., England, 1969, p 34. 


PITRAN 
{Ov 


cro screen, Meter pointer 


shown, RESET position returns 


needle to zero fast, and DELAY position 
makes needle return to zero slowly.~-G. R. 
Phillips, FET Voltmeter Reads Transients, Elec- 
tronics, June 10, 1968, p 109-110, 


gy dec 
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A-C MILLIVOLTMETER—Gives full-scale deflec- 
tion on 100-A linear-scale meter for input 
of about 20 mV rms over bandwidth of 800 
kHz. Input impedance is 10K. Report gives 
design procedure.—"E-Line Transistor Applica- 
tions,” Ferranti Ltd., Oldham, Lancs., England, 
1969, p 33. 


Isat 


INPUT O-—-Y] 


20m¥ rms 


2TX300 


TR, ZTX300 (BCW10) 
TR, ZTX302 (BCW14) 


Q3 
VTVM ADAPTER FOR MULTIMETER—Uses only pee. Aa oe ib GE-I0 


typical 60 to 100 #A meter of multimeter, SMEG. 
for making low-voltage d-c measurements 
(1sV and 10-V_ scales) at high impedance. 
Adapter draws only 1 “A from measured 
circuit at full-scale deflection, which is equiva- 
lent to sensitivity of 1 meg per V. Uses 
silicon transistors in two-stage differential 
amplifier, Has no warm-up zero drift. 
Since standby battery drain is only fraction of 
vA, no on-off switch is required. Set multim- 


RI 
took sid R4 


lov 


eter to 60 (or 100) “A position and plug R2-RANGE ADJUST (IOV nee 
t i ing tack. SCALE} 
tes! leads of adapter into corresponding jack RO-RANGE ADJUST (IV 
Does not interfere with normal use of multim- SCALE) 
eter.—"Hobby Manual,” General Electric, RIS-ZERO ADJUST + fend 


Owensboro, Ky., 1965, p 170. 


1k 
1,000 pf 


180 
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MEASURING LOOP GAIN—Article describes from analyzer operating in bfo mede is in- 


improved techniques for using wave analyzer serted at point A, so source and measurement 
to measure loop gain of amplifier directly in circuits are tuned simultaneously. Point B is Leis 
dB. Analyzer has finite-bandwidth tunable current node.—W. T. Beierwaltes, Wave Ana- 

. window that can be moved across frequency fyzers: a Bright Future, Electronics, July 22, 

_ range of amplifier under test, for measure- 1968, p 62-68. ~22y 


ment of signals framed by window. Signal 


MEASURING 


INPUT 


Q 
HRN1020 


PICOAMMETER—Battery operation minimizes 
noise and allows excellent isolation between 
input and meter. Mosfet Q3 provides high 
impedance to minimize effect on circuit being 
measured. Q4 provides reference for bal« 
ancing meter when input is short-circuited for 


ZERO ADJ 


calibration. Dual transistors are connected 


RyatOkQ 


FLUX METER—Combination of Philips DOA40 
opamp, DZD40 zero detector, OS11 mvbrs, 
GI10 gate inverters, and PS1O0 pulse shaper 
evaluates integral of voltage induced in N- 
turn coil moving through unknown magnetic 
flux, and presents value of flux in digital 
form on pulse counter using numerical indi- 
cator tubes. Accuracy is less dependent on 
speed of measuring coil than in flux meters 
using ballistic galvanometer. Output value 
is held after movement has stopped, in form 
directly applicable for control purposes.— 
Fluxmeter With Digital Read-Out, Philips, Pub. 
Dept., Elcoma Div., Eindhoven, The Nether~ 
lands, 


to pulse counter 


CIRCUITS 


= 22.5V 


Q4 
HRN1020 


as emitter-followers to drive low-impedance 
Will measure low d-c volt. 
ages as well as picoamperes.—C, R. Perkins, 
“Application of MOSFET Devices to Electronic 
Circuits,” Hughes, Newport Beach, Cal., 1968, 
p19. 


meter movement. 


to pulse 
counter 
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ATTENUATE 


i) 2N3819 


INPUT s 


4-VOLT 
FULL SCALE 
DEFLECTION 
10k/v 


DRIFT-BALANCING VTVM-—High-impedance temperature changes. Output to meter is 1 Value of C depends on voltage range desired. 
voltmeter has current-measuring sensitivity of V at 100 «A. When current to be measured —D. F. Wadsworth, Pair of Source Followers 
1 nA. Two source-followers are connected is sent through 1,000-meg shunt across input Keep a Voltmeter Steady, Electronics, June 
to meter for cancellation of drift caused by terminals, meter will read 1 nA full scale. 23, 1969, p 103. 


+t 
TRI-TR TTA, TRO 2720 ev 
ol -04 = zg#30 
M Jem MOVING COIL INSTRUMENT 


$i ATTENUATOR ‘COARSE’ CONTROL {1 POLE 5 way] 
$2 FUNCTION SwiTcH (POLE 4 wsy) 

$3 FREQUENCY RANGE SWITCH (2 POLE 3 WAY) 
$4 METER LIMIT SWITCH 

RVI ATTENUATOR ‘FINE’ CONTROL 

RY2 COARSE BALANCE [~ 
RY3 FINE BALANCE 

4 READ % DISTORTION 

RVS SET METER ORIVE (PRESET) 


WIEN BRIDGE 
CIRCUIT 


REJECT FUNDAMENTAL $ 


x 
52a READ 5 
X10 f CISTORTION 


¥10O 


RTTENUATOR 


OUTPUT CIRCUIT 


distortion at lowest level. Technique involves 
suppressing fundamental frequency compo- 
nent of signal, then comparing residual volt- 
CALIBRATED POTENTIONETER age with total signal voltage by means of 
DISTORTION METER—Measures total distortion components up to fifth. Signal levels meas- full-wave rectifier meter.—Silicon Transistor 
of audio signal in fundamental frequency ured can range from 150 mV to 75 V rms, A. F. Distortion Meter, Ferranti Ltd., Oldham, 
range of 15 Hz to 20 kHz, including harmonic with sensitivity sufficient to measure 0.1% Lanes., England, No. 17, 1965. 
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INFINITE~Z VOLTMETER—Used for measuring 
insulation on high-voltage conductors. Anode 
of triode is made negative with respect to 
cathode, to give infinite impedance. insu- 
lation leak makes anode voltage drop, and 
resulting change in grid voltage turns on 
Schmitt trigger and signal light used as level 
detector. Voltage limit of tube is 600 V.— 
R, A, Parks, Reversed-Polarity Triode Meas~ 
ures Insulation, Electronics, Feb, 5, 1968, p 
87-88. 


+20vd-c 


SIGNAL 
LIGHT 


SCHMITT 
TRIGGER 


S$} 


{ZERO ADJUST) 


+ 
METERLESS D-C VOLTMETER—Covers range of R7 = 7 
— =c, wi i i i = 38.4 
0-500 V d-c, with 0.5-meg input impedance 3.3K = MERCURY 


minimizing risk of damage to components in 
tested circuit. With test leads in position for 
measurement, turn on voltmeter and rotate 


=> BATTERY 


R2 until audio tone is just heard; dial then TEST 
indicates d-c voltage, either in earphone or LEAOS 
0-500 V 


R44 


10 K 
{FULL- SCALE) 
AQUUST} 


in nearby radio tuned to quiet spot at low- 
frequency end of a-m broddeast band. Loop 
should be close to antenna of radio. Radio 
picks up high-frequency harmonics of audio 
tone generated by ujt. Book gives calibra- 
tion procedure.—Hobby Manual,” General 
Electric, Owensboro, Ky., 1965, p 178. 


PICKUP LOOP 
FOR RADIO 


PWext 


27k 


CRYSTAL 
{Mhz 
fceyt 
+420¥ _} D-C TO D-C ey 
SE124 SIGNETICS; ALL OTHER 16's FAIRCHILD PUlse-width modulator) into four-digit indi | CONVERTER 


cation of input voltage on Nixie tubes. 
tC DIGITAL VOLTMETER~Counter section of Crystal oscillator using Fairchild “L914 IC  counter.—H. Schmid, Digital Meters for Under 
meter converts pulse width (obtained from generates accurate 1-MHz clock frequency for $100, Electronics, Nov. 28, 1966, p 88-94. 
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IC STRAIN-GAGE AMPLIFIER—Uses two con+ 
stant-current generators feeding about 10 mA 
into active and dummy silicon strain gages. 
Differential output of gages is fed into Fer- 
ranti ZLD2 IC differential amplifier. R1 is 
adjusted until output of ZLD2 is zero, and R2 
is adjusted for maximum common mode re~ 
jection of ZLD2.—Microlin Amplifiers ZLD25 
and ZLD2T, Ferranti Ltd., Oldham, Lancs., 
England, No. 11, 5/67, p 18. 


+10ky S 


HIGH-ACCURACY ELECTROSTATIC VOLTMETER 
—Charge transfer circuit used with IC opamp 
ahead of digital voltmeter permits measuring 
voltages up to 10 kV to accuracy of 0.5%, 


Q Q4 
REPSO) HEPsOt 


DUMMY 
GAUGE 


2K 


KS36A 


78120 


GROUND 


as compared to 2% accuracy of conventional 
electrostatic voltmeter. Cirevit precisely di- 
vides high voltage being measured and pro- 
tects divided voltage from current drain dur« 


ANALOG DEVICES 
MODEL [20 
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FET D-C VOLTMETER—Compact, inexpensive, 
and accurate meter features 22-meg input im- 
pedance on seven ranges, using three 9-V 
batteries for power. Article gives construc- 
tion details.—"Field Effect Transistor Projects,” 
Motorola, Phoenix, Ariz., 1966, p 75-90. 


ACTIVE 
GAUGE 


OUTPUT 


OPERATIONAL 


AMPLIFIER V2 | DIGITAL 


VOLTMETER 


+ 

ing measurement. Any current drawn by 
digital voltmeter during test is replaced by 
opamp. Article gives measuring procedure. 
—T. P, Kohler and E. H. Hudspeth, Operational 
Amplifier Overcomes Voltmeter Loading, 
Electronics, Dec. 25, 1967, p 67-68. 


‘MEASURING CIRCUITS 


2N2606 2N697 


D-C VOLT-AMMETER—Design of current-range 
selection circuit minimizes effect of variations 
in range switch contact resistance. Accuracy 
is better than 3%, yet total cost of parts is 
under $30, Current ranges are 0.1, 1, and 
10 A, and voltage ranges are 10 and 100 V. 
Article gives detailed construction and calibra- 
tion procedures. R1 is 18” of No. 16 enam~ 
eled wire, R2 is 20” of No. 26, and R3 is 48” 
of No. 32, all wound on 2-W fixed resistors 
used as coil forms.—-M. Chan and R. Brock, 
Shunt Switching Method Reduces Meter Errors, 
Electronics World, Oct. 1968, p 76-77. 


POWER 
INPUT 


2N24B4 


~12 


FET ELECTROMETER AMPLIFIER—Low-noise 
characteristic of fet T1 makes it possible to 
measure currents as low as 100 femtoamperes 
at room temperature in audio range, over |- 
Hz bandwidth. Article gives design equa- 
tions. Transistor types are given at top of 
diagram,—R. Munoz, Put FETs to Work in 
Electrometers, Electronic Des.gn, May 11, 1964, 
p 56-61. 
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POWER 
OUTPUT 


SWITCHING TIME—Combination of three 
“L914 R-S flip-flops, 100-kHz oscillator, and 
counter provides accurate measurement of 
response time of spdt microswitch SI, in 
millisecond range. When switch is activated, 
contact A opens first, making gate B trans- 
mit oscillator signal to counter after flip-flop 
changes state. When contact B of switch 
closes, flip-flop is reset, and signal to counter 
is blocked. Formula shown then gives switch- 
ing time, where N is number of counts reg- 


10k 


pi9t4 (3 CANS) 


COUNTER 
SWITCHING 
TIME 
T=(N}(1/fo) 


istered. With 10-MHz oscillator, switching 
times down to hundreds of nanoseconds can 
be measured.—R. Iltis, 1C Circuit Measures 
Speed of Switches, Electronics, May 12, 1969, 
p 108, 
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GALVANOMETER AMPLIFIER—Gives full-scale 
deflection of rugged zero-center 1-mA meter 
for input current of 35 nA. Maximum differ- 
ential voltage drift is 7.5 uV per deg C, 
which is 2.5 times maximum voltage drift. 
Uses bias arrangement in which half the 
difference between input transistor base cur- 
rents passes through signal source,—“Circuits 
Using Low-Drift Transistor Pairs,” Philips, Pub. 
Dept., Elcoma Div., Eindhoven, The Nether- 
lands, 1968, p 16. 


POWER 


SUPPLY 


followers 


meter, 


3% GALVANOMETER AMPLIFIER—Amplifies small 
10k. direct current sufficiently 

zero-center 1-mA meter. 
tailed pair directly coupled to two emitter- 
connected 
permits adjusting meter current to zero for 
zero input voltage. 
12 mV input gives full-scale deflection. 
sponding input value is 34 mV for 220-ohm 
Input current for zero output is typ- 
ically 65 nA, and 90 nA for full-scale deflec+ 
tion,“ Circuits 
Pairs,” Philips, Pub. Dept., Elcoma Div., Eind- 
hoven, The Netherlands, 1968, p 15. 


to drive rugged 
Consists of long- 


to output meter. R2 
With 10-ohm meter, 30- 
Corre- 


Using Low-Drift Transistor 
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CURRENT MONITOR—Permits checking current 
in any number of loads without interrupting 
any circuit. Each load has pair of diodes, 
connected in parallel front-to-back, perma- 
nently in series. For checking load current, 
monitor circuit is simply placed across each 
diode pair in turn. Meter is Weston Model 
911, which has voltage drop of 100 mV at 
full-scale reading of 10 A. Lamp gives 
warning against faulty diodes, to protect 
meter. If lamp stays off, indicating that both 
diodes are good, momentary switch $1 is 
pressed and meter is read.—F, H. Horan, 
Load Current Monitor Doesn’t Break Circuit, 
Electronics, Oct. 13, 1969, p 93. 


INPUT FROM PROBE AND ATTEN- 


UATOR NETWORK 


TRANSISTORIZED MULTIMETER—Use of fet with 
its high input impedance, in cascade with 
conventional transistor Q2 having low output 
impedance, gives advantages of vtvm. Cir« 
cuit shown is simplified; complete circuit with 
transistor types and switching network is 
given in Triplett Model 600 service manual.— 
Triplett Model 600 Transistorized V.O.M., Elec- 
tronics World, Aug. 1967, p 74. 


WIDEBAND METER DRIVER—OEI 9300 opamp 
with bridge rectifier in feedback path responds 
to average value of input regardless of 
whether it is d-c, sinusoidal, or any other 
waveform at frequencies up to 1 MHz. 
Serves as voltmeter.—Applying the Model 
9300 Monolithic Operational Amplifier, Opti- 
cal Electronics, Tucson, Ariz., No. 10134, 
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62" 
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FIELD STRENGTH METER—Simple single-transis- 
tor circuit can be used for transmitter tune-up, 
adjustment of beam antennas, or as monitor 
if phones are connected in series with meter 
and collector of transistor. Use coil and tun- 
ing capacitor that will resonate at desired 
frequency; for 10 or 20 meters, coil can be 
six turns of No. 22 enamel spaced slightly 
on 1-inch form and tapped two turns from 
ground end, Any good npn transistor may 
be used.—“Electronic Circuits Handbook,” 
Vol, Il, Cowan Pub. Corp., Port Washington, 
N.Y., 1966, p 81. 
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a] 


RFC, x 


I 
oan t 


UNTUNED FIELD STRENGTH METER—Untuned 
choke input for diode eliminates need for 
tuning and plug-in coils, and high-gain two- 


transistor d-c amplifier provides required 


PRESSURE 


DIFFERENTIAL-PITRAN STRAIN GAGE—Output 
is linearily proportional to difference between 
pressures applied to two Pitran piezoelectric 
transistors (made by Stow Labs, Stow, Mass.), 
and can be up to 20% of sum of supply volt- 
ages. Applications discussed in article in- 
clude seismic exploration, accelerometers, and 
wind-tunnel research, Transistor type is not 
critical, Pulse width modulation output for 
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Any other high-gain transistors 


sensitivity. 
may be used.—"Electronic Circuits Handbook,” 
Vol. Il, Cowan Pub. Corp., Pert Washington, 
N.Y., 1966, p 82. 


BALANCED 
OUTPUT 


10k 


telemetry can be obtained by adding simple 
mvbr.—R. M, Moore, Semiconductor Gages 
Make Sense in Most Transducer Applications, 
Electronics, March 18, 1968, p 109-116. 
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POSITION INDICATOR—Three photocells com- 
bined with fixed and moving aperture plates 
can be arranged to measure either linear or 
angular position with high degree of ac- 


curacy. Combinations of different aperture - 


sizes give illumination on I, 2, or 3 photo- 
cells, which with simple counting logic cir- 
cuits can be converted into total number of 
smallest units of displacement.—"Solid State 
Photosensitive Devices,” RCA, Harrison, N.J., 
p 25. 


402 


POWERIN ~44V 


HALL PROBE FIELD CONTROL—Probe consists 
of Siemens FC-34 Hall element and circuitry 
needed to adjust for Hall arm offset, plus 
loading resistors for linearizing probe re- 
sponse. Output of Hall element is about 20 
mV per kilogauss for input current of 0.2 A. 
Used in measuring transverse dHS effect in 
bismuth at liquid helium temperatures.—R. D. 
Brown Ill, New Methods for De Haas-Shubni- 
kov Measurements, IBM Journal, Nov. 1966, 
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IC DIGITAL VOLTMETER—Use of low-cost IC 
linear amplifiers and IC logic chips minimizes 
cost of instrument comparable in performance 
to conventional four-digit voltmeters costing 
ever $1,000. Uses up-down modulation to 


convert unknown analog voltage to digital 
pulse-width signal that is converted from bed 
value in counter to decimal value for reading 
on Nixie tubes. Circuit shown is analog por- 
tion, fer pulse-width modulater, which in- 


cludes range selection, integrator, comparator, 
three solid-state shunt switches, output logic, 
and reference voltage.—H. Schmid, Digital 
Meters for Under $100, Electronics, Nov. 28, 
1966, p 88-94. 
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100 MEG 4.0(0.01% TRANS) 1964, p 76. 
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FET VTVM—Can be mounted directly on small 
meter. Input impedance is 30 meg. Ranges 
are 2, 10, and 20 V. Resistor values are: 
R1 15 meg; R2 12 meg; R3 1.5 meg; R4 1.5 
meg; R5 10,000; R6 5,000.—Field Effect Volt- 
meter, Electronic Design, Jan. 6, 1964, p 78. 
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DIFFERENTIAL MICROAMMETER AMPLIFIER~ 
Differential amplifier, using degenerative 
biasing and collector feed to 100-uA meter, 
gives excellent null stability and 2-~A instru- 
ment sensitivity.—J. P. Graham, Galvanometer 
Amplifier Has Greater Sensitivity, Flectronic 
Design, Feb, 17, 1964, p 90-91. 
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R, 
RESCOR:. “OPTonG peives PHOTOMETER—Used to measure changes in 
VALUE CALIBRATION optical density of translucent materials. 
e208 Setting of R1 determines full-scale range. 
10K 0.0(100% YRANS) Minimum full-scale range, for 0.01% trans- 
tooK 1.0 (10% TRANS) mission or density of 4.0, is obtained with 
IMEG 2.0 (1% TRANS} 100 meg.—M. Shipley, Using Photo Field- 
Lek 10 MEG 3.0 (0.1% TRANS) Effect Transistors, Electronic Design, Aug. 31, 
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C1,C2—15-140pF 
LU,L2,L3-SOpH FOR 2-6MHz 
1.2pH FOR 27MHz 


% MODULATION ON CRT—Operates off 12-V 
battery for measuring percentage of ampli- 
tude modulation of transmitter when no a-c 
power is available. Percentage is indicated 
as ratio of radii of two circles on 11-inch 
cathode-ray tube.~D, Stephani, Amplitude 
Modulation Tester, Electronics World, Jan. 
1968, p 51, 
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DISPLACEMENT DETECTOR—Object being moni- 
tored is attached to movable top plate, 
which may be photographic film or etched 
metal having opertures only a few thou- 
sandths of an inch wide. Movement equal to 
aperture width changes light on photocell 
from maximum to zero. Resulting change in 
photocell current or impedance is then meas- 
ured with conventional meter-driving circuit 
that can be calibrated to read displacement. 
“Solid State Photosensitive Devices,” RCA, 
Harrison, N.J., p 25. 
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MOVABLE 


LIGHT TRANSPARENT OR 
OPEN AREA IN 
PHOTOGRAPHIC FILM 
OR PHOTOCHEMICALLY 
ETCHED METAL PLATE 


DIRECTION 
OF MOTION 
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STATIONARY 
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MAMETER 
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»S 


EXTENDING RANGE OF D-C MICROAMMETER 
—Uses Ferranti ZLD2 IC differential amplifier 
as d-c amplifier for converting 100-O0-100 “A 
meter to rugged 10-A meter. Offset of IC 
is eliminated: by adjusting 200-ohm pot until 
output is zero for zero input. For calibra- 
tion, apply known input current and adjust 
100K pot until correct output reading is ob- 
tained. For 1% meter accuracy, temperature 
should be held within 3 C of calibration 
temperature.—Microlin Amplifiers ZLD25 and 
ZLD2T, Ferranti.Ltd., Oldham, Lancs., England, 
No. 11, 1967, p19. 


107 Vv 


12 
10 2: 10 a 


AWWA 


P2 
18K 10Ka 100uA 


ELECTROMETER—Provides readings of direct 
currents from 0.1 pA to t uA on logarithmic 
scale, using Philips type 4068 electrometer 
tube. Report deals with measuring tech- 


PI 
25Kka 


18Ka 2,7Ka 


niques and precautions for achieving maxi- 
mum = accuracy.—Electrometer Tubes, Philips, 


65mA 


m 
as ae gal 


Bi T 


Pub. Dept., Elcoma Div., Eindhoven, 


Netherlands, No. 


Il, 1965, p 6. 


The 


INPUT 


{+1 OR (-) 


INZO70 


IN2070 


LOW 

CURRENT 

METER = 
AUTOMATIC REVERSAL OF VOLTMETER—Low- 
loss diodes in bridge provide automatic re- 
versal of polarity, without switching, when 
testing both npn and pnp _ transistors. 
Diodes are inexpensive and often cheuper 
than reversing switch, and do not introduce 
more than 10% error when measuring volt- 
ages above 5 V.—R. M. Mann, Low-Loss 
Diodes Reverse Meter Polarity, “400 Ideas for 
Design Selected from Electronic Design,” Hay~ 
den Book Co., N.Y., 1964, p 152. 


Ant. 


1N34 


27mh 


MEASURING 


CIRCUITS 


WSEE TEXT 


VTVM—Simple transistorized version of popu- 
lar vacuum-tube voltmeter circuit uses inex~ 
pensive fet to give input impedance of 10 
meg. Linear response permits using scale 
markings of meter. Battery drain is only 1 


5 
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AG Mi 
10k SOpA 
CAL. 


mA. 


Changing R7 to 2,500 ohms will give 
better resolution. (Changes are described in 
reader letter on p 12 of Nov, 1967 Electronics 
World.)—J. Randall, FET Voltmeter, Electronics 
World, Feb, 1967, p 63-64. 


INPUT 


(+) OR (-) 


IN2070 


IN2070 


IN2070 


AUTOMATIC REVERSAL OF AMMETER—Low- 
loss diodes in bridge provide automatic re+ 
versal of polarity, without switching, when 
making current measurements in npn and 
pnp transistor test circuits. Error due to 
bridge is negligible except at extremely small 
currents, because leakage in diodes shunting 
meter is extremely low.—R. M. Mann, Low. 
Loss Diodes Reverse Meter Polarity, ‘400 
Ideas for Design Selected from Electronic 
Design,” Hayden Book Co., N.Y., 1964, p 152, 


DIODE METER—Though low in sensitivity, will 
provide satisfactory indication of relative 
signal strength of transmitter in same room. 
Antenna is short length of insulated wire.— 
“Electronic Circuits Handbook,” Vol. II, 
Cowan Pub, Corp., Port Washington, N.Y., 
1966, p 89. 


$2 


OUTPUT 


LINEAR LIGHT METER~Feedback across emit- 
ter resistor of BCY70 transistor stabilizes gain 
of BPX25__ phototransistor. 
shown, 1,000 lux gives full-scale deflection 
of meter. May be calibrated either against 
standard light source or with another lux- 
meter.—Applications of Silicon Planar Photo- 
transistor BPX25, Philips, Pub. Dept., Elcoma 
Div., Eindhoven, The Netherlands, No. 316, 
1967, 


10k R10 


With values 

100 
ka 

470 

ka 

ATK 
0-100 
yA 
100nF 


transducer 


Wt 
TRANSDUCER DRIFT COMPENSATION—Used to 
eliminate or greatly reduce zero error caused 
by drift in transducer and preamplifier of 
measuring circuit, Requires +15 V and —15 
V supplies. With SI closed ($2 open) and 


no transducer signal, possible error signal 
from transducer is amplified by opamp U1 
and applied to opamp U2 connected as hold 


circuit feeding differential amplifier U3. 
After about 1 s, $2 is closed and transducer 
activated. Stored signal then cancels zero 


to 
meter 


error, so measured value appears without 
error at output of U3.—P, Havas, Compensa- 
tion of Transducer Zero Error, Philips, Pub, 
Dept., Eleoma Div,, Eindhoven, The Nether- 
lands, No, 78. 
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PCL, PC2 = LAFAYETTE #99-H -6309 


COMPARATOR—Circuit determines which of 
two photocells is illuminated and drives zero- 
center meter accordingly. 


May be used for 


comparing brilliance of two light sources, 
sensing position of vane moving between 
photocells, 
Shields, 
Sams & Co., Indianapolis, Ind., 1968, p 80. 


and comparing colors.-J. P. 
“Novel Electronic Circuits,” H. W. 


V2 (-6.5 Vdc} 


PEAK-READING VOLTMETER WITH DIODE— 
Addition of diode CR2 in series with meter 
of conventional peak-reading voltmeter ims 
proves its sensitivity, temperature characteris 
tic, and low-level sensitivity and linearity. 
Extra diode also protects meter from current 


Vy, (-l2Vae} 


overload by opening above upper meter cur- 
rent limit as determined by R2 and V1, Per- 
formance is good up to 250 MHz, for input 
voltages below 0.4 V.—H. T. McAleer, Diode 
!mproves Voltmeter’s Linearity and Stability, 
Electronic Design, Nov. 22, 1965, p 65—67. 
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ik 2.5 mh 
INPUT 
Ry 
OUTPUT 
10k 
100 
Rs 


Q MULTIPLIER—-Simple opamp circuit provides 
means for varying Q of tuned circuit with 
single pot. Developed for low-level measure~ 
ments in communication receivers and active 
filters. Will operate up to 3 MHz, Values 
shown are for resonant frequency of 33 kHz. 
—R. C. Gerdes, Q-Multiplier Circuit Uses Op 
Amp With LC Feedback, Electronics, May 26, 
1969, p 92. 


Output 


100 Mo 18K 


R, 47K C, 1000 pF 
R, 100K C, O-1pF 
Ry 470K C. 10pF 
Ry 6.8K CG. 1pF 
Ry 22K Cs pF 


ELECTROMETER AMPLIFIER—Uses fet to meas- 
ure currents as small as 0.1 pA at room tem~- 
perature with 1 Hz bandwidth and approach- 
ing theoretical noise limit. Should be used 
with external filter that limits bandwidth, for 
optimum noise performance. Q1 is 2N697, 
Q2 is 2N2484, Q3 is 2N2606, and supply is 
12 V.—Selected Electronic Circuitry,” NASA 
SP-5046, 1966, Government Printing Office, 
Washington, D.C., p 3. 


NOTE: To locate additional circuits in the category of this chapter, use the index at the back 
of this book. Check also the author's “Sourcebook of Electronic Circuits,” published by 


McGraw-Hill in 1968. 


CHAPTER 50 
Medical Circuits 


PACEMAKER—Tv-type blocking oscillatar QT 
generates fixed pacing pulse at rate deter- 
mined before implantation and connection 
to heart. Oscillator generates very low- 
power pulse for triggering Q2, which then 
makes €2 deliver I-ms pulse to heart,—J. T. 
Prentice, Electronic Implants, Electronics 
World, June 1968, p 46—48. 
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ANALOG CONVERTER—Converts ultrasonic —P. N. T. Wells and F. G. M. Ross, A Time- 
pulse-echo output of cardiac monitor to : to-Voltage Analogue Converter for Ultrasonic 
square-wave pulses suitable for recording Article describes operation of circuit in detail Cardiology, Ultrasonics, July 1969, p 71- 
with high-speed ink-jet strip-chart recorders, and gives examples of recordings obtained. 176. 


Output to recorder 


407 


408 


EMG SERVO—Used with electromyograph am- 
plifier to convert amplified muscle potential 
{taken ahead of detector) to appropriate in- 
put for position servo providing continuous 
contro! of angular position of tuning knob 
for amateur radio transmitter or receiver. Po- 
sition of output motor shaft is proportional 
at any instant to mental effort exerted by 
amputee on stump muscle, Relaxing muscle 
makes shaft return to zero position, because 
decreasing signal voltage pulls in other out- 
put relay and reverses motor. Q16 is BFY- 
56, Q17 2N398, Q18 BFY64, and others 2N- 
708.—G. W. Horn, The Third Hand—An Aid 
for the Handicapped Operator, CO, Feb, 1966, 
p 54-57, 


Q 
2N2484 


iW 


BIOELECTRIC PROBE AMPLIFIER—Used to am- 
plify millivolt pulses produced in protoplasmic 
membrane, for feeding into recorder. First 
three transistors in Darlington configuration 
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EMG KEYER—Electromyograph pulses picked 
up by silver electrodes held against stump 
muscle of amputee are fed to low-noise dif- 
ferential amplifier through impedance trans- 
former. Output goes through conventional 
two-stage high-gain amplifier, detector, and 
d-c amplifier operating output relay used for 
keying amateur radio transmitter, Operator 
merely thinks of moving missing or paralyzed 
arm, to make relay operate. Bandwidth of 
amplifier is 50—500 Hz, corresponding to range 
of emg signals being picked up. Q13 is 2N- 
398 and other transistors are 2N708. Relay 
is Sigma SIL2500 or equivalent.—G, W. Horn, 
The Third Hand—An Aid for the Handicapped 
Operator, CQ, Feb, 1966, p 54-57. 


tn EMG Amp | 


Qs 
2N2484 


form negative-capacitance impedance con- 
verter, followed by d-c amplifier Q4 and 
emitter-followers Q6 and Q7 operating in 


cascade, Circuit presents 20,000-meg input 


resistance to probe, with input capacitance 
below 0.02 pF.—G. W. Horn, Feedback Re- 
duces Bio Probe’s Input Capacitance, Elec- 
tronics, March 18, 1968, p 97~98. 


MUSCLE = SIGNAL 


SIMULATOR—Simulates 
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Ee Hav 


2 
2N2694 
560 


generator, is amplified and filtered to give 


white noise generated in flexed muscle, for 
use in developing amplifiers and servomechan- 
isms for controlling artificial limbs. Output 
of zener, serving as broad-spectrum noise 


required 1-kHz bandwidth of noise.—W. Pais- 
ner, D, Antonelli, and W. Waring, Zener Simu~ 
lates Muscle Signals, Electronics, June 10, 
1968, p 111-112. 


INPUT 


10k 
Py = 


(40 TURN) 


FIVE IN ONE—Changing feedback network 
of level detector shown gives four other types 
of operation, as astable, monostable, bistable, 
or gated oscillator, Values shown are for 
level detector driving 5,000-ohm relay load, 
used to analyze electroencephalegraphs. In- 
put can be 0 to 20 V. Article tells how to 


470k 


Dy t 
{N3728 


—G. Silverman, Five Valuable Circuits From 


2N3644 


300 pf 


change network for other types of operation. Changes In Feedback, Electronics, Oct. 2, 


1967, p 95-96. 


5k 


409 


410 


FET FLATTENS STEPS—Fet Q2 isolates wave- 
forming capacitor from ujt of staircase gen- 
erator, to prevent exponential decay or droop 
of staircase step voliage. Used as pulse 
counter, for accurately monitoring uterine 
contractions, heart beat, and respiration rate. 
—K. J. Bray, FET Keeps Long Staircase Steps 
Flat, Electronics, March 18, 1968, p 94. 


LIGHT-CONTROLLED OSCILLATOR—Addition of 
emitter-follower Q2 to phase-shift oscillator 
QI boosts output frequency 1.4 times, and 
gives greater frequency sensitivity to changes 


a 
2N3703 


in fight-sensitive resistor R5. One applica- 
tion is as psychological testing device that 
measures ability of subject to follow moving 
light source. For other applications, poten- 
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VOICE-OPERATED KEY--Developed for 
amateur radio operators lacking full use of 
hands. Duration of sound at mike deter+ 
mines whether keying relay KI produces dot 
or dash. Clearly spoken dah-dit-dah-dit 
dah-dah-dit-dah will give acceptable CQ in 
code after very little practice. Whistling also 
works. Other applications include keying of 
transmitter from magnetic tape recorder for 
on-the-air code classes.—A. Horst, The Vox 
Key, CQ, Jan. 1965, p 29-30. 


cow 


Veg? HOv 


470 


Q 
2N3819 


OUTPUT 


Q,4 
2N3704 


Rs 
CLAIREX 
904L 


tiometer in place of R5 will control frequency. 
—G, Silverman, Emitter Follower Enhances Os- 
Electronics, 


cillator’s Frequency Variation, 
Dec, 26, 1966, p 73-74. 


STAIRCASE 
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MOVEMENT SENSOR FOR BLIND—Used with 
interchangeable lenses to detect movements 
at various distances up to infinity, in science 
labs for blind students. Photoresistor RI 
(Clairex CL904L or equivalent) produces fre- 
quency change in fwo-transistor RC feedback 
audio oscillator having small magnetic ear- 
phone in its output. PL1 is 1.25-V grain-of- 
wheat lamp used for cell illumination, as re« 
quired for reading thermometer and sensing 
position of meter pointer.—Light Probe for the 
Blind, Electronics World, Nov. 1967, p 77. 


+24V OC, 


) IN4009 
atk 
D 


ome 


OUTPUT: 
22V FOR 
20-50ms 


INPUT FROM COMMAND 
MOOULE: 
4V FOR «Spe 


SOLENOID S 
WINDING 


100k 


(A) PULSE STRETCHER 


{B} VIBROTACTOR 


VIBROTACTOR—Developed for transmitting 
emergency signals to astronauts without 
using voice communication. Tiny vibrator, 
with solenoid winding, is attached to skin 
and actuated by pulses from communication 
link. Since taps on skin shorter than 0.5 us 
cannot be felt by man, four-transistor pulse 
stretcher is used ahead of vibrator stage,— 
L. G. Lawrence, Communications Via Touch, 
Electronics World, May 1968, p 32-34 and 
80. 


o+30V0C 


OUTPUT 
3-17 V SWEEP 


5VOFVG 


GYRATOR—Consists of two voltage-to-current 
negative-impedance converters, connected fo 


SLOW SWEEP FOR CARDIAC MONITOR—Slow 
linear sweep, adjustable by RI from 1 to 
30 s can be used for monitoring cardiac 
waveforms. Voltage .ramp produced has 
less than 1% displacement error from fine- 
arity.—J. L. Aker, Unijunction Oscillator Gives 
30-Sec Sweep, “400 Ideas for Design Selected 
from Electronic Design,” Hayden Book Co., 
NLY., 1964, p 189. 


produce ovtput current proportional to input 
voltage. In addition, reverse transconduc- 
tance makes input current proportional to 
output voltage. Serves as active filter for 
very low frequencies used in oceanography, 
seismology, and medical electronics. Article 
gives application circuits for specific frequen- 


* gies —J. L. Hogin, Active Filters, Electronics 


World, April 1969, p 58-60. 


412 


NERVE AMPLIFIER—Low-noise hybrid IC am- 
plifier substitutes for electrometer tube in 
amplifying nerve and muscle-fiber impulses 
picked up by electrodes attached to body. 
Circuit has high input resistance and goad 
linearity.—J. Y. Lettvin, Low-Noise Electrome- 
ter Amplifier, EDN, Sept. 1, 1969, p 69—70. 


ESOLATION 
TRANSFORMER 


HYBRID PACKAGE 
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PNP~2N5138, 
NPN~-2N5133 


CALIBRATION 
MODEL 


~156V 
SMOOTHING 


PLETHYSMOGRAPH—Low-frequency impedance 
plethysmograph provides current of 1 mA 
at frequencies as low as 10 Hz to subjects with 


no danger or discomfort, for monitoring 
impedance changes in 37 normal sub- 
jetts under various conditions of lung ven- 
tilation. Output of BB3022 voltage com- 
porator drives strip chart recorder through 


smoothing filter.—A. S$. Khalafalla, S$. P. 
Stackhouse, and O. H, Schmitt, Thoracic Im- 
pedance Gradient with Respect to Breathing, 
JEEE Transactions on Bio-Medical Engineering, 
duly 1970, p 191-197. 


SONSTANT-CURRENT PULSES—Provides con- 
tant current within 3%, adjustable from 
100 “ZA to 10 mA for pulses that are variable 
n frequency and duty cycle, with rise and 
‘all times under 1 ys. Circuit is ideal for 
reurophysiological testing, pulse beta testing, 


22,000 pt 
PACEMAKER CONTROL—Prevents false trig- 
gering by 60-Hz pickup from faulty system 
grounding leads, by suppressing input pulses 
above normal heart limit of 150 beats per 


minute or 


MEDICAL CIRCUITS 


and as driver for some types of sensors. 
Capacitor loading of output gives sawtooth 
with fast fall time and good linearity.—R. 
Dobkin, Pulse Generator Delivers a Constant 
Current, Electronic Design, March 15, 1965, 
p 63-64. 


+6v 


413 


Si Diode 
MEA 


MEDICAL THERMOMETER—Uses one diode to 
establish reference temperature, and silicon 
diode to sense temperature being compared. 
If sensed temperature is lower than refer~ 
ence, output will go positive, and vice-versa, 
Output drives panel meter.—Two Electronic 
Thermometers for Medical/Industriol Use, 
Optical Electronics, Tucson, Ariz., No. 10075, 


470k 


OUTPUT 


470k 


BAY 44 

2.5 Hz. Mono Q2-Q4 inhibits 
cardiac pacemaker when heart is operating 
on its own, 
quency-voltage converter prevent mono from 


Q3 and associated diode fre- 


interpreting 60-Hz pickup as sign of heart ac- 
tion and turning off pacemaker when it is 
actually needed.—V. Bicik, Monostable Pro« 
tected Against 60-Hertz Pickup, Electronics, 
May 11, 1970, p 101. 
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“By 


ON-OFF RATIOS FROM 20 TO 300-—Developed 
fer biomedical application requiring 3-ms 
pulses at repetition rates adjustable from 1 
to 15 pps. Use of fet QI eliminates need 


966K 


RECTAL TEMPERATURE MONITOR-—Catheter- 
type thermistor probe in Wheatstone bridge 
circuit covers range of 30-50 C for studying 
temperature responses of dogs te various 
physical stimuli. Provides signal for driving 
standard d-c millivolt recorder. Source is 
0.8 V.-M, Sapoff and R. M. Oppenheim, A 
Blanket Approach to a Linear Thermistor Net- 
work, Electronic Design, April 12, 1965, p 36 
and 38-40. 


+120 


ouTPuT 


for large electrolytics otherwise required for 
such widely spaced pulses. R1 adjusts prr, 


R4 establishes lowest frequency, and R2 
establishes highest frequency.—E. A. Pfeiffer, 
Multivibrator Provides Short Pulses, Wide 
Spacing, Electronics, April 3, 1967, p 98-99. 


NOTE: To locate additional circuits in the category of this chapter, use the index at the back 
of this book. Check also the author’s “Sourcebook of Electronic Circuits,” published by 


McGraw-Hill in 1968. 


CHAPTER 51 
Metal Detector Circuits 


GIMMICK 
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560 OHMS(TENT) 


T-172 MORTAR SHELL FUZE—Major innovation Editor, “Radio Proximity Fuzes for Fin-Stabi- 
in this proximity fuze circuit is loop antenna. lized Missiles,” Div. 4, NDRC, Vol. I, 1946 
Burst height over water was 23 ft. Uses (available from Clearinghouse, Springfield, 


reaction-grid-defector circuif.—A. V. Astin, Va.), p 244. 


driven generator as power supply. Develop-« 
ment and testing were completed at close of 
World War Il. Produced detonation by prox~ 
imity effect at height of 8 ft over water. 
Tubes are subminiature military types, no 
longer available, and can be replaced by 


REGULATING 


A TEST, EgTEST BtTEST C-TEST Te TEST 
©O Q O90 Oo 


7-171 MORTAR SHELL FUZE—Uses propeller-, 


TP TEST 
©) 


tSOMMF 


opproprinte semiconductor devices.~A, V. 
Astin, Editor, “Radio Proximity Fuzes for Fin- 
Stabilized Missiles,“ -Div. 4, NDRC, Vol. [, 
1946 (available from Clearinghouse, Spring- 
field, Va.), p 244. 
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Ll 
LOOP ANTENNA 


RS 
2.2K 


i 
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{ 

{ 
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{ 

JRING, { 

TO-O1AC— | 

455kKH2 eID OT { 

TRANSMITTER FOR IC METAL LOCATOR—Will { 

locate pipes and valves buried as deep as 7 

ft, and smaller objects at lesser depths if ' 

larger than coffee cans. Not intended for ! 

locating coins, Transmitter is 455-kHz 1C ; 

oscillator controlled by ceramic Transfilter | 

(XTAL), with single turn of four-conductor flat l 

cable forming 9 x 11-inch loop, mounted at ; 

one end of 50-inch wood carrying rod. Re- 1 

ceiver at other end of rod has similar loop ; 

feeding high-gain three-IC trf circuit tuned 1 

to 455 kHz, with loop oriented for null. 

Article gives construction details and sources 

for required parts.—D. Lancaster, Build IC- 

67 Metal Locator, Popular Electronics, Jan. 
1967, p 41-48, 94, 96, 98, and 99. 
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EXPANSION 


RECEIVER FOR IC METAL LOCATOR—455-kHz 
three-IC trf receiver with 9 x 11-inch loop is 
mounted at opposite end of 15-inch wood rod 
from 455-kHz single-IC transmitter having 
similar loop oriented for null, Provides both 
meter and audible indication for large buried 
metal objects, Article gives construction de- 


tails and sources for required parts.—D. Lan- 
caster, Build 1C-67 Metal Locator, Popular and 99. 


Electronics, Jan. 1967, p 41-48, 94, 96, 98, 
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VT BOMB FUZE DETECTOR—Reaction-grid-de- 
tector circuit shown was used in M-166 bar- 
type bomb fuzes to initiate detonation at 50 
to 100 feet above ground when dropped 
from aircraft. Antenna is nose of fuze. Coil 
values are adjusted to obtain required fre- 
quency and sensitivity. Values are: R1 1K; 
R2 3; R3 33K; R4 47K; Cl 25 pF; C2 50 pF; 
Triode NR3A. Oscillator and antenna coils 
for Li are wound on same core. 12 is r-f 
choke.—A. V. Astin, Editor, “Radio Proximity 
Fuzes for Fin-Stubilized Missiles,“ Div. 4, 
NDRC, Vol. 1, 1946 (available from Clearing- 


COIN-FINDER—Will detect dimes 4 inches 
from loop and gold or silver rings up to 5 
inches away in dry or slightly damp ground. 
Uses 2,100-kHz surplus military crystal, but 
160-meter amateur crystal will work if coil 
turns are adjusted, Search coil L is 8 turns 
of No. 24 plasticccovered hookup wire 
threaded through Yeth-inch copper tubing 
bent into split ring 10/2 inches in diameter, 
Article gives construction details. Transistors 
cre npn with minimum beta of 30 and alpha 
cutoff above 3 MHz, such as 2N334, 2N1090, 
or 2N2926. IC audio amplifier is Lafayette 
99R9039 or equivalent, Audio beat note in 
phone changes in frequency when search coil 
is near metal.—G. H. Gill, Summer Fun With o 
Sensitive Metal-Finder, Radio-Electronics, duly 
1966, p 55—87. 


AMPLIFIER 


house, Springfield, Va.}, p 225-226. 
Bt A SUPPLY = 
Bt TEST ATEST G-TEST  €qTEST TG TEST «TP TEST FIRING TEST 
1@) 


VT ROCKET FUZE—Developed just before end 
of World War Il, as T-2005 rocket fuze. 
Intended for shipboard defense against at+ 


tacking enemy aircraft. Fuze initiated de- 


OK BREAK AS REQUESTED 


tonation automatically when missile was 
within kill distance of aircraft. Tubes are 
subminiature military types, no longer avail- 
able; modern versions undoubtedly use semi- 


° EXTERNAL JUMPER 


1SOMMF 


conductor devices.~A. V. Astin, Editor, “Radio 
Proximity Fuzes for Fin-Stabilized Missiles,” 
Div. 4, NDRC, Vol. 1, 1946 (available from 
Clearinghouse, Springfield, Va.), p 241242, 
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COIL SHIELD 7 


AUDIO-MODULATED 180-KHZ TRANSMITTER— 
Ujt relaxation oscillator Q2 produces low- 
frequency audio tone for modulating transistor 
r-f oscillator QV which radiates search signal 
from LI (34 turns No. 22 enamel wound 
around 6.8 x 5.3-inch plastic case of trans- 
mitter), Receiver is mounted at other end 
of 30-inch support rod, with its loop at right 
angles to that of transmitter. Operating 
frequency is around 180 kHz. Intended for 
locating buried objects larger than pie pans, 
such as metal pails filled with gold coins, 
Article gives construction details.—C, D. Rakes, 
Treasure Witcher, Science & Electronics, April/ 
May 1970, p 39-44 and 80. 


a —~y 
METAL BOX =f 
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MAGNET (SEE TEXT) Ge 


NOTE:LETTERS iNDICATE CONNECTION 
POINTS TO PRINTED CIRCUIT 


WATERPROOF ANCHOR-FINDER—Solder-sealed 
single-transistor transmitter suspended from 
boat is used with ordinary transistor radio in 
boat for locating lost outboard motors, an- 
chors, or other relatively large metal ob- 
jects under water. Beat-frequency oscillator 
should be added to radio, or coupling should 
be introduced between two i-f stages to make 
oscillating i-f serving same purpose. Trans- 
mitter operates at about 600 kHz. In depths 
greater than 30 ft, connect insulated antenna 
wire to receiver and run it parallel with trans~ 
mitter suspension rope. Article gives con- 
struction details for search coil which is 4 
turns of insulated wire threaded through 23- 
inch-diameter split ring of Ya-inch copper 
tubing, Permanent magnet outside housing 
holds improvised magnetic-blade switch 
Open; remove magnet to turn on transmitter, 
~O. Klippberg, Underwater Metal Hunting 
for Fun or Profit, Radio-Electronics, June 
1966, p 38-39. 


— 


LOCATING SMALL BURIED OBJECTS—Designed 
for locating such small objects as coins or 
rings on beaches and bullets on old battle~ 
fields if not more than a few inches deep. 
Maximum detection depth for larger objects 
is about 2 ft. Uses single-loop circuit with 
two r-f oscillators, operating in range of 400 
to 500 kHz, with detector and audio ampli- 
fier. Audio beat note from speaker changes 
in tone when search coil is near metal. 
Article gives construction and adjustment de- 
tails—D. Meyer, Build the “Beachcomber,” 
Popular Electronics, July 1967, p 27~32 and 
84. 


METAL DETECTOR CIRCUITS 


180-KHZ RECEIVER—Single IC is equivalent of 
three transistors in providing gain of 129 dB 
for amplifying tone-modulated signal picked 
up from transmitter at other end of 30-inch 


support rod when in presence of metal. 


Diode D2 demodulates signal after first IC 
stage, and other two IC stages amplify re- 
sulting audio tone sufficiently to drive 2,000- 


ohm headphones and _ indicating meter. 
Pickup loop L1 has 34 turns of No. 22 enamel 
wound around plastic case of receiver. Use 
9-V battery such as Eveready 2168P. Meter 
is 500-uA d-c. Article gives construction 
details.—C. D. Rakes, Treasure Witcher, Science 
& Electronics, April/May 1970, p 39~44 and 
80. 
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THREE-COIL TREASURE 


HORIZONTAL 
colt 


HORIZONTAL 
Co 


FINDER—Uses induc 


tance bridge method of detecting, with a-f 
rather than r-f coupling. Circuit breaks into 
oscillation when metal is present between 
horizontal and vertical coils. Will detect 3- 
inch nail or aluminum bottle cap buried at 


depth of 2 inches, or garbage-can lid at 242 
ft. Has maximum sensitivity for iron objects. 
Each horizontal coil has 470 turns of No, 32 
wire on 1144 x 3 inch form, and vertical coil 
has 870 turns on 11/2 x 234 inch form, Article 
gives construction details. Tone in heads 
phones has maximum volume when hidden 
metal is midway between vertical coil and 
either horizontal coil. Oscillators Q? and 
Q3 are about 2 kHz.—L. Huggard, Build a 
“Different” Metal Locator, Popular Electronics, 
Feb. 1959, p 53-58. 
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Ci Cr Crs = 0.01 microfarad, 25 volts Cs Cis = 3900 picofarads, 25 volts or 


or greater 
Cr = 
greater 


METAL DETECTOR—Can be used to 
underground pipes, 


buried treasure, 


other buried metal objects. 


cuts off completely. 


1800 picofarads, 25 volts or 


Uses 


greater 


CiCs Co = 0.001 microfarad, 25 
volts or greater 


locate 
and 


When search coil 
is near object, tone in earphone changes or 


two oscillators; 


greater 


greater 


COPPER Cu = 20 picofarads, variable type, 
TUBING 
equivalent 
Cy2 = 0.02 microfarad, 25 volts or 
‘Nogas greater 
ENANELEO Cus = 50 microfarads, 6 volts, electro- 


EARPHONES IN34A 


Ql is approximately 300 kHz as determined 
by L1 and C2, and Q2 operates at frequency 
determined by C11 and inductance of search 
coil and objects near it, LIT is adjusted for 
tone in phones, and Cll then adjusted for 


FINDING HIDDEN BRASS NAILS—Oscillating 


detector frequency changes about 1 kHz when 
nonmagnetic screw or nail is in magnetic 
field near gap in cut toroid, Used to detect 
concealed fasteners that could wreck saw 
blades or tear sandpaper during tefitting of 
wood deck or bulkhead of ship. 
tank circuit of Colpitts oscillator, clamped to 
laminated copper plate acting as electrostatic 
Change in 
changes beat frequency output of receiver 
mixer, producing change in audio output— 
D. B. Hoisington, Oscillator as Detector, Ffec- 


shield. 


oscillator 


tronics, March 18, 1968, p 95. 


<> CI 
SELECTED ( 


act 


COPPER SHIELD 


Coil is in 


frequency 


target. Tubes are 


Cs Ces = 0.004 microfarad, 25 volts or 


Cs = 680 microfarads, 25 volts or 


WIRE lytic 
Cie = 0.1 microfarad, 25 volts or 
greater 
CR: CR2 = 


silicon rectifier, type 


T-132 MORTAR SHELL FUZE—Circuit of 1-132 
proximity fuze obtains supply voltages from 
propeller-driven generator on mortar shell. 
Fuze initiates detonation in air above ground 
subminiature 
types, no longer available; modern versions 
(classified SECRET) undoubtedly use semi- 
conductor devices.—A. V. Astin, Editor, “Radio 
Proximity Fuzes for Fin-Stabilized Missiles,” 


Rio = 10,000 ohms, 1/2 wait, 10% 
Ri; = 91,000 ohms, 1/2 watt, 10% 
Riz = 680 ohms, 1/2 watt, 10% 


Ris = 6800 ohms, 1/2 watt, 10% 
Q:Q2Q; = transistor, RCA SK3020 


Hammarlund No. MAC-20 or Li = 50 to 140 microhonries, adjusta- 


ble 
Copper tubing: 1/4-inch diameter, 
3.14 feet (enough for 
loop of |-foot diame- 
ter) 

No. 24 enameled copper wire: about 40 

feet (enough for 12 turns of |-foot 

diameter and connections) 

Coaxial cable: about 3 feet (exact 
amount depends on 
length of handle) 

Earphones = 200 ohms 


RiRs = 22,000 ohms, | /2 watt, 10% 
RRs = 47000 ohms, 1/2 watt, 10% 
RaRe = 2200 ohms, | /2 watt, 10% 
R.«Rr = I megohm, 1/2 watt, 10% 
2 = 68,000 ohms, 1/2 watt, 10% 


maximum sensitivity as indicated by motor~ 
boating sound, Book gives complete con- 
struction details.—’Hobby Circuits Manual,” 
RCA, Harrison, N.J., HM-90, p 138. 


TO RECEIVER MIXER 


2N1180 


military 


Div. 4, NDRC, Vol. 1, 1946 {available from 
Clearinghouse, Springfield, Va.), p 243. 


METAL DETECTOR CIRCUITS 


1C BURIED-METAL DETECTOR—Cansists of 
single-transistor transmitter using 2N2646 ujt 
as oscillator driving scr, to feed highly di- 
rectional 4 by 6-inch loop L1 wound around 
transmitter housing. Receiving loop of same 
size is similarly wound around receiver using 
Westinghouse WC183T 1C and GE-5 transistor 
Q2, Transmitter and receiver are mounted at 
opposite ends of 3-foot wood rod held hori- 
zontally several feet above ground while 
walking over area being searched. When 
loops are properly oriented at right angles to 
each other, with no metal in vicinity, nothing 
is heard in phones. Metal object within 
range gives 175-Hz tone in phones and un- 
usual deflection of T-mA d-c meter. Book 
gives construction and adjustment data. 
Values are: RT 15K; R2 220; R3 22; R4 470; 
R5, R6 270; R7 5K; R8 47K; R9 330K; R10 
1.8K; C1 0.3 uF; C2 1 uF; C3, C5, C6 0,007 
HF; C4 2,000 pF; C7, C10 0,003 uF; C8, C9, C1T 
10 wF; BT, B2 9 V, B3 4.5 V; DI, D2, 03 TN38B; 
D4 2N3228 scr; L1 74 turns 7/27 tapped two 
turns from end; £2 68 turns.—R. M. Brown, 
“Electronic Hobbyist’s IC Projects Handbook,” 
TAB Books, Blue Ridge Summit, Pa., 1968, p 
116. 


isfi 


dbs idee 


LEAO MAY BE CONNECTED 


TO EITHER END 
OF colL LI 


REACTION-GRID DETECTOR IN FUZE~Used in 


M-168 and T-92-E1 bomb fuzes to 


initiate 


detonation about 50 feet above ground or 


water. Antenna is nose of fuze. 


Values 


are: RT 100K; R2 47K; R3 2.2K; C1 5 pF; 
C2, C3 30 pF: C4 5 pF; C6, C22 150 pF; 


Le 


triode NR3A.—~A. V. Astin, Editor, “Radio 
Proximity Fuzes for Fin-Stabilized Missiles,” 
Div. 4, NDRC, Vol. 1, 1946 (availakle from 
Clearinghouse, Springfield, Va.), p 225. 
TO AMPLIFIER At B+ . 
TEST LEAD 
35x 51K — TO LOAD 
D 
SENSITIVITY Cl, SO0HF | oor RY-l0Ka 
10K Lp 
10, 
sov-r 
PRODUCTION-LINE METAL DETECTOR—Uses 
unstable oscillator with coil in sensing probe, 
Circuit is adjusted to oscillate when no metal 
foe is near probe, Presence of metal then acts 


STRAY CAPACITANCE 


PWR 
PILOT TRANS 


$ 
~~ 


W7VAC 
2h 6.3V HTRS 


like shorted turn in coil, stopping oscillation 
and making relay pull in to actuate electro- 
mechanical counter or other load, Pickup 
coil is 150 turns center-tapped and scramble- 
wound on 1-inch-diameter paper form.—D. D. 
Darling, Simple Rf Proximity Detectors, Radio~ 
Electronics, Dec. 1966, p 47~48, 
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HEADSET 


A422 


METAL DETECTOR--Will detect any metal. 
Nonmagnetic materials increase circuit losses 
of sensing inductor, thus reducing its induc- 
tance, whereas ferromagnetic materials reduce 
reluctance of magnetic circuits and thereby 
increase inductance. Can be used for locat- 
ing metal, such as nails and shell particles, 
embedded in wood to be worked with ma- 
chine tools, locating iron rods in reinforced 
concrete, locating pipes and wiring in walls, 
locating metal objects in cows before surgery, 
locating bullets at scene of murder, and trac- 
ing buried pipes. tl and 12 are 550 turns 
of 0.2-mm enameled copper wound on ferrox~ 
cube type 4B rods 10 mm in diameter and 
10 cm long. Transformer T has 180-turn 
primary and 200-turn c-t secondary of same 
wire wound on type 22/12-4C4 pot core 
without air gap. Frequency of oscillator TR1 
is about 3 kHz. Article gives construction, 
alignment, and operating instructions.—J. F. 


BRASS-NAIL DETECTOR FOR BOATS—Will 
detect nonferrous objects as small as brass 
brads concealed by paint, to prevent damage 
to sanders or power saws when working on 
boats, Will also detect magnetic objects, 
although maximum range is about 2 inches. 
Lt and L2 are high-Q ferrite antenna coils, 


ae - 


van Oort, Brief Items of Interest, Electronic 
Applications, Philips, Pub. Dept., Elecomo Div., 
Eindhoven, The Netherlands, Vol. 25, No. 3, 
1964~1965, p 123~128. 


Cc? RS 
.008yF 33K a3 
2nz7i2 f 
ca RE 
OOS UF 33k 


such as J. W. Miller 6300. 11 is modified by 
removing tuning slug and cutting off brass 
tuning screw flush with core. Article gives 
other modifications required, along with con- 
struction details and sources for parts. Q1 
and Q2 are audio oscillators that beat to 
produce audio tone in high-impedance ear- 
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SV 


2 

= ko 
Re = 38 kQ 
Ry = 220 Q 
Ry = 390 kQ 
Ro = 22 kQ 3 
Ro = 5.6kQ Cy = 0.1 uF 
Rr = 330 Q Cy = 60 uF 
Ra = 390 kO Cy = 0.1 pF 
Ry = 20 kQ Co = O11 uF 
04 
eN2712 < 3 

ee 


Bi 
clo «av 
OipF lo . 
St 


phone HS! which changes when LI is near 
metal.—J. S. Simonton, Jr., Carpenter’s Mate— 
Tiny Metal Locator for Tiny Metal, Popular 
Electronics, Sept. 1969, p 69-72. 


NOTE: To locate additional circuits in the category of this chapter, use the index at the back 
of this book. Check also the author's “Sourcebook of Electronic Circuits,” published by 


McGraw-Hill in 1968, 


CHAPTER 52 
Modulator Circuits 


+i2y 


MODULATED 

OUTPUT SUBAUDIO ON 2-KHZ SUBCARRIER—Requires 

only two transistors in simple differential 

20k amplifier circuit, Article also gives modifica- 

cag tion for amplitude modulation at radio fre- 

quencies.—A. Pichard, 100% Amplitude Modu~ 

CARRIER 
Ry INPUT 


Q Q, 
Aha / 2nes7 =. 2N697 


MODULATION 
INPUT 


lation With Two Transistors, Electronics, June 
12, 1967, p 104-105, 


=lev 


FULL-WAVE PHASE-SENSITIVE—Analog switch 
Q1-Q3 is controlled by key or reference sig- 
nal, usually 0 to +3 V logic. With analog 
switch closed (key at 0 V), amplifier gain is 
1. With switch open, gain is 0. May also 
be used as square-wave modulator, Fre« 
quency range is d-c to S00 kHz. Output 
voltage rarge is —9 V to +9 VF. L. 
Schmid, Full-Wave Phase-Sensitive Demodu- 
lator, EDN, Sept. 1, 1969, p 73. 


QUTPUT VOLTAGE 


A-M WITHOUT CARRIER SUPPRESSION—IC — without carrier suppression in double balanced — input of IC.—-K. Hanneman, Modulating Cur- 
opamp delivers modulating output that varies mixer. D-c input at upper left changes level rent Supplied by Op Amp, Electronics, Aug. 5, 
around dec level, for amplitude modulation along with a-c signal fed to noninverting 1968, p 107, 
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2nd DOUBLER 37.5M 


6CWw4 TO 3rd +300V 
iN FROM 
OSC DOUB. SOUBLER 


SUPPRESSED 
CARRIER OUT- 
PUT TO GRID 

Rg OF NEXT STAGE 


VC, = PS! TYPE 
SIGNAL PC 113 VARICAP 


Ly = 8 #hys Apy, ' +150V 


VARACTOR PHASE MODULATOR-—Input of 7 
V p-p produces 1 radian of phase modulation 
at 150 MHz from oscillator-doubler of crystal- 
controlled vhf signal generator.-G, Costa, 
VHF Signal Uses Varactor for Phase Modula- 
tion, Electronic Design, Oct. 26, 1964, p 58-59. 


* 1% RESISTORS 


OUTPUT TRANSFORMER 
USE COIL FORM SIMILAR TO CTC TYPE 2271-2 WITH 7 LUGS, MINIMUM 


PRIMARY 


SECONDARY 
(WOUND ON TOP OF PRIMARY) 


54-DB CARRIER SUPPRESSION—Special trans- 
former simplifies nulling of carrier in balanced 


RING MODULATOR—Uses four diodes from 
CA3019 diode array for suppressing both 
carrier frequency and signal frequency, so 
output theoretically contains only upper and 


modulator using 7360 beam deflection tube. 
Transformer consists of bifilar primary, wound 
first and lacquered in position, and split sec- 
ondary wound on top of primary.—J. L. Chris« 


lower sidebands. For single-sideband trans- tensen and D. Johnson, Balanced Modulator 
mission, one sideband can be eliminated by Transformer Increases Carrier Suppression, 
selective filtering.—“Linear Integrated Cir- Flectronic Design, Jan. 18, 1969, p 46-47. 
cuits,“ RCA, Harrison, N.J., IC-41, p 306. 


+40 CARRIER INPUTS 
v 


MODULATION 


INPUT —_—_—_- 

1.0¥ 
SUPPRESSED 
CARRIER 
OUTPUT 


SWITCHED-FET SUPPRESSED-CARRIER—At 100 tion 60 dB. Requires no transformers or com~ —C. H. McDermott, Suppressed Carrier Modu- 
kHz modulated with 5 kHz, carrier signal re- plex balancing techniques. Modulating signal lator With Noncritical Components, Electronics, 
jection is 50 dB and modulation signal rejec- = must be maintained belaw 1 V peak-to-peak. Oct. 31, 1966, p 70. 


INPUT 1 
+4 T0~ 6V 


INPUT 2 
0 TO -6.5V 


MODULATOR CIRCUITS 


Ry = 82k Ry = 82k 


ECosyt O 


ECoswgt O 
Y Offset O 


X Offset O 


|E[s5.0 V 


40-KHZ BALANCED MODULATOR—Motorola 
monolithic multiplier serves as balanced modu-~ 
lator for 1.6-kHz input signal. Article tells 
how to design external circuits to handle 
maximum input voltage swing without intro~ 
ducing nonlinearity.—-E. Renschler and D. 
Weiss, Try the Monolithic Multiplier as a 
Versatile A-C Design Tool, Electronics, June 
8, 1970, p 100-105. 


1-5k 


-6.5V 


BALANCED MODULATOR—Uses IC linear mul- 
s tiplier as suppressed-carrier modulator, with 
1.0 uF 1.6-kHz audio tone on 40-kHz carrier as one 
application.—E. Renschler, The Monolithic Mul- 

ilk tiplier Breakthrough, “State-of-the-Art-—Linears 
= in Action,” Motorola, Phoenix, Ariz., 1969, p 


27-36. 
¢—o Fout 
Ry Ry 
8.2k 8.2k 


ey =E coswmt H5v 


ey =Ecoswot 


oFFseT 


5 
ADJUST ~—_——_*, 


CONSTANT CURRENT GENERATOR >| 
AND LEVEL SHIFTER 


FREQUENCY MODULATOR~Square-wave out- 
put pulses are generated at frequency pro- 
portional to ratio of two d-c input voltages. 
Can be used as comparator, ratio meter, mul- 
tiplier, process controller, and many other ap- 
plications. When used in time-of-flight 
computer for aircraft navigation, inputs are 
range and velocity data, and updated arrival 
time is then proportional to output prr.—R, G. 
Durnal, Frequency Modulator Serves Two 
Masters, EDN, May 1, 1970, p 60. 


0.015 OUTPUT 
MC-1533 | 
91k 


| 

| 

ie | 
12V 
| 


= RAMP GENERATOR AND RESET SWITCH area BUFFERS = COMPARATOR —— 
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SIGNAL” 
INPUT 


{NPUT 


AUDIO, { 
ci 
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SANPUT 


1C FOR A-M—Motorola monolithic multiplier 
performs amplitude modulation by adding 
d-c term to modulating signal with pot P1.— 
E. Renschler and D. Weiss, Try the Monolithic 
Multiplier as a Versatile A-C Design Tool, 
Flectronics, June 8, 1970, p 100-105. 


alt 


C5 = Olaf 


R7 - 220K 


% MODULATION ADJUST 


ey = Ecos wmt 
@y = Ecos Wnt 


Y 
OFFSET poet 


T1 
IRF CARRIER 
SIGNAL 
INPUT 


DOUBLE SIDEBAND 
OUTPUT 


Ql = Q2 = 03 - HRN@318D 


oe Tse ee 


10 HZ—1 MHZ RING MODULATOR—Opamps 
replace transformers, to provide reliable oper- 
ation over wide frequency range without 
component changes, AT and A2 gate hot- 
carrier diodes and condition signal. Incoming 
signal is passed inte each unity-gain ampli- 
fier during half of reference cycle and dis- 
connected during other half, A3 sums outputs 
of Al and A2.—J. R. Nielsen, Transformerless 
Ring Modulator, FEE, Feb, 1970, p 116. 


Veo =H5v 


¢——ty 


MOSFET BALANCED MODULATOR—Provides 
audio modulation of r-f carrier signal for 
double-sideband generation. Mosfet Q1 acts 
as phase splitter having extremely high input 
impedance, for driving other two mosfets out 
of phase to produce double sideband. R10 
serves for balancing output signals accurately, 
for use in modulating linear r-f power ampli- 
fiers.—C. R. Perkins, “Application of MOSFET 
Devices to Electronic Circuits,” Hughes, New- 
port Beach, Cal., 1968, p 42. 


SN?473N 


SHIFT 
PULSE 
GENERATOR 


SHIFT 


SHIFT FF | 
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MODULATOR CIRCUITS 


A-M WITH [C MULTIPLIER—Similar to balanced 
modulator, but with d-c term added by means 
of potentiometer 3. IC is Motorola linear 
four-quadrant multiplier. With careful align. 
ment, 100% modulation is possible.—E, 


Renschler, The Monolithic Multiplier Break- 
through, “State-of-the-Art—Linears in Action,” 
Motorola, Phoenix, Ariz., 1969, p 27~36, 


SN7404N 


“ey = E coswmt - 


*ex = E coswot 


Y 
OFFSET ADJUST 


LIMITING 
AMPLIFIER 


| 
| 
| 
| 


ZERO DETECTOR 
SN7473N 


POT #3 


4/3 SN7404N 


_1SN7400N 
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INTEGRATOR - COMPARATOR 


UNLESS OTHERWISE SHOWN 
ALL DIODES ARE 1N995 
ALL TRANSISTORS ARE 2N2369. 


1,200-BPS MODEM-—Developed at U. of IHinais 
for Plato (Programmed Logic for Automatic 
Teaching Operations) system, 4.8-kHz oscil- 
lator using 2N2369 transistors and 1N995 
diodes drives two-stage counter that reduces 
frequency to 2.4 kHz in first flip-flop and to 
1.2 kHz in second flip-flop. When binary 0 
is present in data input, two cycles of 2.4- 
kHz signal are transmitted; for binary 1, one 
cycle of 1.2-kHz signal is transmitted. Re~ 
sulting composite digital signal is changed 
into approximation of sine wave by low- 
pass pi filter for amplification and feeding 
through transformer to phone line.—J. Stifle 
and M, Johnson, Design Pruning Trims Costs 
of Data Modem, Electronics, July 20, 1970, 
p 99-101. 
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0.001 = 
soos 


0.001 = 


ps 
1 

Le 5 
WN-11i06 
6 rt 
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PHASE MODULATOR FOR 60-MHZ I-F—Provides 
180-deg shift in phase of output signal each 
time switching signal is applied to modulator, 
to give coded noise-like output. Operates 
with pseudo-random code having maximum 
code rate of 5 megabits per second. Switch- 
ing time is faster than 30 ns, Uses two 
gated IC video amplifiers fed in parallel, with 
outputs fed to push-pull transformer.—S. G, 
Shepherd and A. £. Seman, Design With Inte- 
grated Circuits at 60 Mc, Electronic Design, 
Aug. 2, 1965, p 30-33, 


Re 


35.7k 


Cy 
10pt 


INPUT VOLTAGE 
FOR 100% DUTY 
CYCLE = 10 Ry/Re 


MINIMUM PULSE WIDTH = 
3RaC,/10 


MAXIMUM FREQUENCY = 
10 / Roly 


35.7k 


BANG-BANG SUBSTITUTE—Provides variations 
in pulse width and frequency for solenoid-type 
pneumatic valves in missile and space vehicles, 
to give both coarse and fine control having 
many advantages over conventional bang- 
bang systems, Circuit gives large savings in 
gas and energy consumption. For smali con- 
trol signals, valves are modulated with mini- 
mum pulse width for just barely opening 
valve. For large control signals, system 
changes to bang-bang mode.—W. A. Cooke, 
Pulse Modulator Regulates Pneumatic Valve 
Closure, Electronics, Sept. 1, 1969, p 80~81. 


INTEGRATOR 
OUTPUT 


Dy 


E, 0 
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T2 
BIFILAR 
931 


MODUL ATING 
OSCILLATOR 


{UkHz) 


OOlpF 


-6v) oT) 
9-6 i 


vp 80 
WV CARRIER 

560-870 OSCILLATOR 
pr =e 175 MHz 


SUPPRESSED-CARRIER MODULATOR—Uses IC 
r-f amplifier as double-sideband modulator. 
Carrier suppression is function of bilateral 
symmetry and modulation-to-carrier drive 
ratio. Carrier output is 25 dB below double. 
sideband output when drive V1 is 10 mV and 
V2 is 31.5 mV.—“Linear Integrated Circuits,”’ 
RCA, Harrison, N.J., IC-41, p 229. 


Ey 
OUTPUT 1 


Eo 
QUTPUT 2 


No 


1 
N2222 


TIME 


“3 
OUTPUT 


Q3 
005 HRN1030 


MODULATOR CIRCUITS 


Ql 
2N3728 


TRANSFORMERLESS MODEM—Uses Fairchild 1C 
opamp as full-wave modulator-demodulator 
operating over wide range of frequencies. 
Input switch Q1 alternately switches IC from 
inverting (transistor A ON) to noninverting 
{transistor B ON) amplifier. Push-pull drive 
signal can be obtained from IC flip-flop. 
Values shown give gain of 10 and bandwidth 
of 10 MHz—cC. J. Amato, The Integrated 
Operational Amplifier: A Versatile and Eco- 
nomical Circuit, “Microelectronic Design,” 
Hayden Bock Co., N.Y., 1966, p 189-194. 


DSB OUT <— ne Oe Oe =4 


Qa 
RRN1030 HRN1030 


4.0K 


DOUBLE-SIDEBAND GENERATOR—Simple crys- 
tal oscillator drives two mosfet r-f switches 
that are modulated out of phase with audio 
input signal to generate double-sideband r-f 
carrier signal—C. R. Perkins, “Application 
of MOSFET Devices to Electronic 
Hughes, Newport Beach, Cal., 1968, p 43. 


>_> +9V DC 
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BEACON MODULATOR—Input pulse trips Kry- 
tron gas-filled switch tube, producing high 
peak current through pulse-forming network 
and output transformer, for pulse modulation 
of high-power microwave radar tube.—Kry- 
trons—Cold Cathode Switch Tubes, EG&G, Bos- 
ton, Mass., KR-100, 1968, 


MICROWAVE 


ALF. 
\NPUT 


ANALOG MULTIPLIER—Single opamp  con- 
nected as one-shot accepts input frequencies 
from 1 to 1,000 Hz and control voltages from 
0.1 to 18 V, and delivers constant-width 
output pulses with amplitudes propartional to 
product of input frequency and d-c control 
voltage. Multiplication accuracy is 0.1%. 
Ql may be any suitable switching transistor 
with low VCE.—B. Stojanovic, Pulse-Height 
Modulator Multiplies Voltage by Frequency, 
EEE, July 1968, p 99-100. 


if 


MODULATED CRYSTAL 1JC—Introduction 


of 


audio signal at terminal 2 of IC d-c amplifier 


operating as crystal oscillator gives 


am 


modulation. High-pass filter must be used at 
output. Carrier frequency may be up to 1 


MHz, depending on crystal used.— 


inear In« 


tegrated Circuits,“ RCA, Harrison, N.J., !C-41, 


p 125, 
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+Epp=22 SV 
9 


3200pf 


Ql 
2Ni20 


INE 
i TRIGGER > 
20 KC WIDTH= 1.6 usec 


TRIGGER 


Q2 
2Nni20 


1C PDM—Audio input voltage varies resistance 
of mosfet Q3, which in turn varies base volt- 
age of QI and duration of output pulse. 
Designed for construction as integrated-circuit 
chip, For peak input under 1 V, output pulse 
amplitude is above 2 V and modulation 
index is 0.25 to 0.75. Trigger rate of 20 kHz 
was chosen because it is high enough for 
sampling audio signal and low enough for 
easy filtering. Unmodulated pulse duration 
is 25 us. Uses RCA insulated-gate depletion- 
type mosfet.—A, J. Wall, Converting a Pulse 
Modulator Into An Integrated Chip, Electronic 
Design, Feb. 17, 1964, p 60-65. 


MANUAL 


SK 


T,—TECHNITROL No 851166 OR EQUIV 


IC BALANCED MODULATOR—Uses CA3019 
four-diode IC array in symmetrical bridge 
network that minimizes carrier frequency at 
output. Carrier of one polarity makes all 
diodes conduct and effectively short-circuits 
signal source. Carrier of opposite polarity 
cuts off all diodes and allows signal current 
to flow to load. If all diodes are identical, 
bridge is perfectly balanced and no carrier 
current reaches load.—“Linear Integrated Cir- 
cuits,” RCA, Harrison, N.J., IC-41, p 300. 


NOTE: To locate additional circuits in the category of this chapter, use the index at the back 
of this book. Check also the author’s “Sourcebook of Electronic Circuits,” published by 


McGraw-Hill in 1968. 
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CHAPTER 53 
Motor Control Circuits 


CRI Ri 
CR3 
RUN 
RO cRS 
EDLOFF/RESET DIAC-TRIAC FULL-WAVE WITH DELAY—Built- 
Qi | swt TD. ON in time delay for automatic turn-off permits 
setting P2 to turn off motor of mixer or 
¥) other appliance automatically after desired 
TI SCRI + period of operation. Circuit can be reset 
3 for next cake by switching SW1 to OFF/ 
cR2 RESET position. RUN position bypasses delay. 
Re —A. A, Adem, Speed Controls for Universal 
Motors, General Electric, Syracuse, N.Y., No. 
O 200.57, 1966, p 11. 
2 D 
Th 


UNIVERSAL MOTOR 


UT Vag 


CRI THROUGH CR5 GE Al4aB Tl: bt PULSE TRANFORMER {SPRAGUE 12/2) 


Qi +: GE 2N2646 Cl: .lpF SOV C4 pF 200V R5-R6 1000 1/2w 

OIAC : GE sta C2: l00uF SOV RI-R2 «33K 1/2W R7-RB~ IK (/2W 

SCRI: GE C1068 C3: .SuF 200V R3 3902 1/20 PL =S00K 1/2W 

TRIAC GE SC40BX43 R4 10K \/2W P2 iM I/2W 
Ro 1oK 2W 


BTX94-700 


8.20 O14 pF 


(400Vi 


330 
iw) 


250)H Lar eary a 0. 
4.5-KW SQUIRREL-CAGE FAN MOTOR—Circuit in motor speed). Circuit is designed for 220- 


press rfii—G, J. Derksen and G. J. Tobisch, 


250 V a-c line operation. Choke L1 limits Philips, Pub. Dept., Elcoma Div., Eindhoven, 


h hyst is effect {no | between 
as no hysteresis effect (no lag steepness of current transients and helps sup- The Netherlands, No. 80, 1970. 


change of speed setting and resultant change 
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ezy8s 
+26 
clockwise 
ee 
THt 
€ 
ecw 5 
TH2 
ees ¢ 
cow 
counter 
clockwise 
9 
THY 
c 
cw ; 
THG 
¢ 
cw" TRIG 
D-C MOTOR THYRISTOR TRIGGERING—Uses 
Philips IC unit to convert clockwise and coun- 
terclockwise commands from logic circvit to 
triggering required for operating d-¢ motor 
at either of two predetermined speed levels 
in either direction or stopping motor. Report 
describes operation in detail.—W. B. Rosink, 
Reversible Two-Speed D. C. Motor Supply, 
Philips, Pub, Dept., Eleoma Div., Eindhoven, 
The Netherlands, No. 79. 
100K 
AIkD WOK 
e 


10k 82kn 


Vsyn Visya RG 


D-C MOTOR CONTROL LOGIC—Requires a-c 
control signal that can be varied in amplitude 
and phase, applied to terminal E, Gives 
control in both directions at two predeter- 
mined speeds. When control signal drops 
below certain value, motor changes from 


O 
fia] NoR6o in| cw 


high to low speed. At stitl lower signal level, 
motor stops. If signal phase is then re- 
versed, motor starts in opposite direction, and 
runs at low or high speed level depending 
on amplitude of control signal. Operation 
of Philips IC units is described in report. 


Output leads CCW, CW, and T go to thyristor 
triggering circuit for motor.—W, B. Rosink, 
Reversible Two-Speed D. C. Motor Supply, 
Philips, Pub. Dept., Eleoma Div., Eindhoven, 
The Netherlands, No. 79. 


MOTOR CONTROL 


ALTERNATE POSITION, 
A FOR INDUCTIVE LOADS. 


CIRCUITS 


EXTENDED-RANGE FULL-WAVE—Use of extra 
capacitor C2 in basic 600-W diac-triac circuit 
extends range for reliable phase control, 
particularly at low output settings, Place 
load in alternate position for motors.—F. W. 
Gutzwiller and E. K. Howell, Economy Power 
Semiconductor Applications, General Electric, 
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BATTERY-VEHICLE CONTROLLER—Uses rapid- 
acting scr switch, known as Jones chopper, in 
series with d-c series motor to control speed 
of battery-powered vehicle such as golf cart. 
At low speeds, ON time is much less than 
OFF time so average voltage acrass motor is 
low. OFF time is changed by R2 in timer, 
for smooth control and high efficiency. Op- 
erates as variable-frequency constant-pulse- 
width system. Pulse repetition rate range is 
about 100 to 400 Hz. Values are for 36-V 
battery and maximum motor current of 110 A. 
Article gives design equations.—"SCR Man- 
ual,” 4th Edition, General Electric, 1967, p 
237~-243, 


INLAND 


C ), motor 


T-29506 


Ci 
c 


(~— O.t yt, 1OOV 

(git, JOOV 

C3~O.22 yf, 100V 

C4—SOyf, ISVAC GE 2BFIIO2 

0; —G E IN2155 

Da--G E IN3673A 

~~ THYRECTOR GE SRS2IVA20D 
Q)-—-G E 2N2646 


Ri —2202,2W 


R3—20K,I/2W 
Ra —3300,1/2W 
Rs —2700,2W 
Rg —3300,)/2W 
R7—I5K,/2W 
Re —l00n,1/2W 


Q2—G E 2N2647 


Qe 
2N2219 


R2-—0 TO OOK POTENTIOMETER (TAPER J 


CONSTANT TORQUE—Feedback circuit adjusts 
voltage of d-c motor and inserts negative 
or positive adjustable resistance in series with 
motor, to offset typical variation of up to 20% 
in slope of torque-speed curve caused by var- 


—16y 
iations in strength of permanent magnet. 
Used for constant-speed, constant-tension 


magnetic tape drive. 


To adjust for slope, set 


Syracuse, N.Y., No. 671.1, 1965, p 16. 


SCR} ——G E C1548 
SCR2—6 E C}408 


TN PULSE ENGINEERING 
Ta f TYPE PEZ229 


T3-—-6 E ST45Y7009 
2; ——~6 E INIT7I 
22 —~GE INI77I 
23 ——~G E INI773 


R2 for no-load speed indicated, then adjust 
Ri for proper torque with motor stalled.—E, 
S. Busby, Feedback Circuit Keeps Motor’s 
Torque Constant, Electronics, Sept. 2, 1968, p 
72. 
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Cy 
{MFO = 
50 VOLTS 
{20 VOLTS 
AC 


GE 
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ClO6B TYPE | 


ScR 


SEWING-MACHINE MOTOR CONTROL—Can be 
used in place of carbon-pile speed control 
for sewing machines, food mixers, and other 
household appliances using universal a-c/d-c 
motors. Speed-dependent feedback gives ex~ 


MACHINE, OR 
SIMILAR 
UNIVERSAL 
MOTOR 


UNIVERSAL-MOTOR CONTROL WITH SELF- 
TIMING—Shuts motor off automatically after 
predetermined time delay determined by 
setting of R3. R2 determines speed. Suit- 
able for blenders and larger food mixers hav~ 
ing motors rated at up to 2 A. Maximum 
obtainable delay with circuit shown is above 
30 > s. Pilot lamp remains on until main 
power switch is turned off, after timer stops 
motor,—D, R. Grafham, Using Low Current 
SCR’s, General Electric, Syracuse, N.Y., No. 
200.19, 1967, p 37. 


(MAX CURRENT 
1.5 AMP) 


formance. 


cellent torque even at slow speeds. C1 is 
optional, and may sometimes improve per- 
A selenium 6RS5PX7 double diode 
assembly may be used in place of the two 
A14B silicon diodes shown.—Silicon Controlled 
Rectifier, General Electric, Syracuse, N.Y., No. 
150.9, 1969. 


"STANDARD" MOTOR 
SPEED CIRCUIT 


120 VRMS 


60 


Hz 


INI695 


CR2 
GE 
INI693 


3.3K 


SPEED POT (2W) 


GE 


Re INIG93 


GE C68 
Ri OR CiO6B2 


foie 


I DRIVER CURRENT 
SCHMITT MODULATOR | AND FEEDBACK 
OUTPUT SENSE 
48.2 V R10, 100 5% | 
- tT oe i + 
4 l 1av 
R15 - 
| ah | ne 820 
5% 1N4002 
c1 { am 
TN 1.0 uF | 
oe | R16 
R2 2N3905 (2) paases ae 
Bh 13k 2N4123 
1k 
SPEED 5% 
ADJ 
ai 
R3 
R 
pa 3 22k R17 
= 18 oa 03 A ik 
MR2262 
RS 
3 1k g 3.3k DC MOTOR a A 
5% 5% 4 ARUN vey ca 
= = 15 ASTART Tt 2 uF 
| beset 26V 


“ADJUST TO SUIT MOTOR 


12-V PWM D-C CONTROL—Provides speed 
control of 12-V 4-A dec motor, with good 
regulation at any given speed. Schmitt 
trigger Q1-Q2 and phase inverter Q3 pro- 
duce variable-width variable-frequency pulse 


ALL RESISTORS ARE +5%, 1/2 W UNLESS MARKED 


waveform whose duty cycle and frequency 
are a function of RI and feedback current 
through Rf. Output of Schmitt modulator 
feeds Darlington-connected power amplifier 
Q4-Q5 that drives motor. Free-wheeling 


diode D3 suppresses inductive kickback of 
motor, while D2 protects Q5 from voltage 
transients of motor.—“Semiconductor Power 
Circuits Handbook,” Motorola, Phoenix, Ariz., 
1968, p 1-30. 
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HALF-WAVE CONTROL FOR SHUNT MOTOR—~ 

Provides speed contro! for d-c shunt motor —: 
designed for operation on half-wave rectified 

120-V a-c supply. D1 provides field current, Dy ARMATURE 
with D3 smoothing its waveform. Diac-ser GE-AI3B 

combination supplies armature current, with R} D4 A4q408 
D5 for smoothing. At end of each positive D2 
half-cycle, field voltage drops to zero and Ct +¢- 
discharges through D2. Voltage across Cl GE-AI3B 
is thus zero at start of each positive half~ 

cycle, regardless of setting of speed control 

R1. Voltage rating of scr is twice that FIELD D3 
required for resistive load, or 400 V, because aye GE-AI3B 
sf counter emf of armature at high speeds.— 

E. K. Howell, Speed Control! for Shunt-Wound 
DC Motors, General Electric, Syracuse, N.Y., 
No. 200.44, 1965, p 5. 


PHOTOELECTRIC-FEEDBACK A-C CONTROL— 
Centrifugal mechanism acts as variable shut- 
ter between lamp and photocell, to hold speed 


INI693 of induction motor constant within fairly tight 
fimits.—F, W. Gutzwiller and E. K. Howell, 
CENTRIFUGAL BRAKE MECHANISM WITH Economy Power Semiconductor Applications, 


APERTURE PLATES ARRANGED TO PASS 
LIGHT TO PHOTOCELL WHEN SPEED 
EXCEEDS DESIGN VALUE. SEE CURVE BELOW 


General Electric, Syracuse, N.Y¥., No. 671.1, 
1965, p 21. 


NO.LOAD OPERATING POINT 
LIGHT 
ON 
PC 


fa FULL LOAD-OPERATING POINT 


lle SPEED CONTROL RANGE 


(J inoucrive 
=== +$.\|LOAD 


dv/dt 
SUPPRESSION 


600-W RAMP-AND-PEDESTAL—Refined contro! 
circuit for inductive load eliminates d-¢ com- 
ponents of load current by deriving ujt supply 
voltage directly from a-c line to ensure sym- 
metry of triggering angie on each haff-cycle. 
Circuit design provides reliable triggering of 
triac under all conditions.—F. W. Gutzwiller 
and E, K. Howell, Economy Power Semicon- 
ductor Applications, General Electric, Syracuse, 
N.Y., No. 671.1, 1965, p 16. 


INI692 
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DS 


(4) 1N4003 


D2 +4003 


or MD ASi2-9 FULL-WAVE FOR SHUNT-WOUND—Power for 
LINE VYsth-hp 5,000-rpm 115-V d-c motor is sup« 
47k plied from full-wave bridge. Free-wheeling 
D4 5.0 W diode D5 is necessary across armature far scr 
QI to turn off. Four-layer diode D8 provides 
07 stable firing point for QI. Speed pulsations 
1N4003 100 k 08 occurred only at very low speed settings. 
Sw 1N4003 Provides much better speed regulation than 
Hein re) ae ea | with comparable half-wave control.—Semi- 
P1 of R1 conductor Power Circuits Handbook,” Moto- 

Q1 rola, Phoenix, Ariz., 1968, p 1-25. 
2N4172 


bs 
1N5159 


UNIVERSAL MOTOR CONTROL—Widely used 
for power tools and sewing machines, Com- 
pares voltage across capacitor with gener- 
ated emf in armature to regulate motor speed. 
To avoid changing motor connections, series 
field may be left in armature circuit-—F. W. 
Gutzwiller and E, K. Howell, Economy Power 
Semiconductor Applications, General Electric, 


Syracuse, N.Y., No. 671.1, 1965, p 23. bo 
a—| 


US 


777s RESIDUAL: 
\, INDUCED 


R3 


GE-71D-7000 [ARMATURE 


SCR 


120 VAC 


NOTE: 
D, -D4, D7 SCR SELECT 
ON CURRENT REQUIRED 
BY MOTOR. 


LINE-VOLTAGE COMPENSATION WITH SPEED directly across rectifier. Compensation for K. Howell, Speed Control for Shunt-Wound 
CONTROL—Provides armature voltage control changes in line voltage is provided only at DC Motors, General Electric, Syracuse, N.Y., 
of 115-V dec shunt motor operating from reduced speeds, by shifting voltage required No. 200.44, 1965, p 4. 

a-c line through bridge rectifier. Field is across CI to produce triggering of scr.—E. 
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REVERSIBLE HALF-WAVE UNIVERSAL—Arma- 
ture current is always in same direction be- 
cause scr is fed by bridge rectifier. Direction 
of field current depends on which polarity of 
applied voltage is present at time scr con- 
ducts, Direction of rotation is changed by al 
causing conduction in either positive or nega- (ARMATURE 
tive half-cycle of supply voltage. Feedback = 

control of motor speed is achieved by com- 
paring counter emf of armature with capaci- 
tor voltage.—F. W. Gutrwiller and E. K. 


Howell, Economy Power Semiconductor Ap- Ry: 1500 Cl: 200uF SCR : C20B 

plications, General Electric, Syracuse, N.Y., Ro: 1500 Ce: Sut cRg + A40B 

No, 671.1, 1965, p 23. R3: 3000 CT CRI-~4 : A40B MOTOR: SERIES, REVERSIBLE 
Rq4: 1000 CR6-7 : INI694 
Rs: 470 


(4) 
MR1033A or MDAQ52-4 


REVERSING SHUNT-WOUND—Controls both 
* speed and direction of Ysth-hp 5,000-rpm 
115-V shunt-wound d-c motor. Field is con- 
nected across bridge rectifier and armature is 
in scr bridge. Switch reverses armature cur 
rent and direction of rotation by triggering 
opposite diagonal pair of scr’s. RI controls 
speed.—"Semiconductor Power Circuits Hand- 
book,” Motorola, Phoenix, Ariz., 1968, p 1- 


‘Bos 


1N5262 
2N5062 a 7 
° 
R3 
1k 
T1 and T2 are Sprague 11213 
GE-A40B (4) 
BRIDGE 
RECTIFIER 
fs 
Ri glk ARMATURE D3 
a a 
DI GE~-A41B 


GE-INI694 SPEED 


a | CONTROL Do 


60 CPS FIELD 


2 GE- 
250 K_—INI694 SCR 
GE- C20B 


SHUNT D-C CONTROL—Simple low-cost solid- 
state circuit gives smooth control of speed 
over wide range, by varying voltage applied 
to armature, Bridge rectifier provides full- 
wave rectification of a-c supply to give 120 
V dec for Veth-hp motor whose field winding 
is connected directly across rectifier. Arma- as + ° 
ture voltage is controlled by changing point with scr turning off only at end of each half- Wound DC Motors, General Electric, Syracuse, 
in each halfcycle at which ser is turned on, cycle.—E. K. Howell, Speed Control for Shunt- —_—N.Y., No. 200.44, 1965, p 1. 
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Re 
47K 
SP Ro C2 
12-18v, = CONTR, # 500K O3pt 


Ini692Pl R7 
a 472 


NOTE: Co AND R7 OPTIONAL eae ‘4 


ELECTRONIC CIRCUITS MANUAL 


LOW-VOLTAGE D-C MOTOR CONTROL-—Low- 
cost control operating from battery solves 
commutation problem with mechanical con- 
tact that bypasses ser twice per revolution 
of motor. Speed of motor is synchronous 
with that of ujt which turns on scr, giving 
very precise control of speed.—F. W. Gutz- 
willer and E. K. Howell, Economy Power 
Semiconductor Applications, General Electric, 
Syracuse, N.Y., No. 671.1, 1965, p 24. 


RI 


PLUG-IN SPEED CONTROL—Single black-box 
half-wave scr phase control can be used on 


SCRI 


Re 
variety of electric appliances and tools hav- SPEED 
i . - CONTROL sl! 
ing series universal brush-type motors, such 500. CRI 
as with electric drills, power saws, sanders, CR3 INIG93 apt 
lathes, fans,-movie projectors, and food mix~- GE-XI4 50V FULL 
ers or blenders, Requires no rewiring of SPEED 
motor, For motors rated 3 A max, use GE- OUTPUT 
< scr, 3-A fuse, and 2,500-ohm 4-W resistor R3 pata 
or RI, For motors up to 5 A, use C30B scr, 200.1. PLUG 
5-A fuse, and 2,500-ohm 4-W resistor for RI. TRIMMER 


~—"Hobby Manual,” Genera! Electric, Owens- 
boro, Ky., 1965, p 131. 


cR2 UNIVERSAL 
INIG93 MOTOR 
MOTOR-DRIVEN APERTURE DISC 
LAMP-1() CE a4 
, G-E L98 
LIGHT ACTIVATED SCR 
47K 6) LAMP 2 
81 RIT 25W 
' 
} Di 
'gon | (OO Net —G-E Z4XL16 (2) 
H ") Or? 3zv 


Se stig 
250K Oosb o68 
1s 4 
salty (Pie aN2646 =) 
cs 
R7 


01 - Dio Diz & Os =G-EAIZB 


PRECISION SPEED CONTROL—Uses aperture 
disc on armature shaft to interrupt light from 
lamp to laser and produce scr turnoff signal 
for ujf-synchronous drive through flip-flop 
and scr. Optional system eliminates wear of 


mechanical switch and does not load moter. 


Faster response time of laser permits higher 
oscillator frequency and either higher motor 
speeds or multiple interruptions per revolu- 
tion. Phase-detector principle employed pro~ 
duces linear output for full 360-deg range 
of phase error, with full output for any 


input frequency below reference frequency, 
and nearly zero output for inputs above 
reference.—E. K. Howell, Solid State Control 
for DC Motors Provides Variable Speed with 
Synchronous-Motor Performance, General Elec~ 
tric, Syracuse, N.Y., No. 200.43, 1965, p 7. 
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+ 
MOTOR 
WINDINGS es 
6 nF{i\600 v 3-PHASE INDUCTION—Forced self-commutated 
inverter for three-phase induction motor is 
actually ring counter having one motor wind- 
ing as Joad for each stage. Successive firings 
of scr’s create moving flux field around stator 
for developing torque on rotor for speeds up 
cé6 to 7,200 rpm, Interchanging any two of the 
0.1 MF three windings with switches will reverse ro- 
300 Vv tation.—Semiconductor Power Circuits Hand- 
book,” Motorola, Phoenix, Ariz., 1968, p 1— 
ai 
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Thyristor trigger 
module 
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ARMATURE-VOLTAGE SPEED CONTROL—Uses 
bridge to measure back emf of motor, which 
is proportional to motor speed when field is 
constant. Short-term speed regulation 
against load change can be as good as 1% 
at full speed, and long-term regulation as 
bad as 10%. Chief causes of speed drift 
are changes in field flux caused by tempera- 


ture rise in windings or changes in supply 
voltage. Designed for 5-hp d-c shunt motor. 
B is Mullard thyristor stack with current rat- 
ing 1.5 times full-load motor current, D13 
and D14 are Mullard BYX22-800 or others to 
suit field current. R2 is oth of armature 
resistance, R14 is Yéath of field resistance, 
and R15 is Yond of field resistance. R25 is 


330. D24 and R39 improve speed regula- 
tion.—J. Merrett, Thyristor Speed Control Cir- 
cuit Design for D. C. Shunt Motors Supplied 
from A. C. Mains, Philips, Pub. Dept., Elcoma 
Div., Eindhoven, The Netherlands, No. 438, 
1967, 


SOFT-START SHUNT D-C MOTOR CONTROL— 
Addition of R6 and C3 across scr improves 
commutation in basic armature voltage con- 
trol circuit by limiting rate at which voltage is 
applied to scr after turnoff. If motor failed 
to commutate at low-speed setting, violent 
speed fluctuations would occur because it 
would be driven suddenly to high speed at 
Thyrector 
across acc line suppresses high-voltage tran- 
sients that could damage semiconductors in 
circuit. R2 controls speed,—E. K. Howell, 
Speed Control for Shunt-Wound DC Motors, 
General Electric, Syracuse, N.Y., No. 200.44, 


which commutation occurs reliably. 
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SMALL P-M MOTOR CONTROL—Four-transistor 


circuit 


MOTOR SIZE DETERMINES TYPES SCR, D,-Ds, & THYRECTOR 


2N4172 
D2 (4) Q1 
MR10334 
or MDA952-4 
AC 
LINE 


REVERSING SERIES-WOUND—Controls both 
speed and direction of rotation of 145th-hp 
5,000-rpm_ 115-V series-wound d-c motor. 
Ser’s Q1I-Q4 are connected in bridge and 
triggered in diagonal pairs according to set- 
ting of reversing switch S1. Conducting pair 
determines direction of rotation because it 
determines direction of field current while 
armature current always flows in same direc- 
tion, Speed control is R1I.—'Semiconductor 
Power Circuits Handbook,” Motorola, Phoe- 
nix, Ariz., 1968, p 1-26. 


provides adjustable speed control, 


that energizes motor. 


R3 
1k 


+17C1 
75V 
1N5262 $1 
v1 | ty 
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e e 


5 uF 


2N4172 is a 


1965, p 3. 


2N4172 ee 


2N4172 


ARMATURE 


(2) 
SPRAGUE 
11213 


poco cco -----SWITCH S| DRIVEN BY 
7 
u 


Switch $1, driven by 


synchronous with output ef ujt relaxation 
oscillator, for small battery-operated perma- 
nent-magnet motors such as are used in 
phonographs, tape recorders, and recording 
instruments. Ujt oscillator drives flip-flop 


cam on armature shaft, reverses flip-flop and 
thereby interrupts motor current several times 
per revolution when closed momentarily by 


cams, With fixed oscillator frequency, motor 


speed can be changed in discrete octave steps 


by changing number of switch closures per 


i MOTOR; CLOSED ~20° 
OPEN ~ 340° 


revolution from 1 to 2 to 4 to 8, etc, mechani- 
cally or electrically. —E. K. Howell, Solid State 
Control for DC Motors Provides Variable 
Speed with Synchronous-Motor Performance, 
General Electric, Syracuse, N.¥., No. 200.43, 
1965, p 7. 
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35-V P-M CONTROL~—Uses step-down trans- 
former and bridge rectifier to permit use of 
component values that give phase control of 
d-¢ moter over full half-cycle. Gives excel- 
lent speed control from stall up to 20,500 
rpm. Small but not objectionable pulsation 
occurs at light loads and slow speeds, but 
effect vanishes when motor is fully loaded.— 
“Semiconductor Power Circuits Handbook,” 
Motorola, Phoenix, Ariz., 1968, p 1-28. 


AC 
LINE 


“ Sri 
. D5 


na 1N4003 


al 
2N4442 


35 Vv 
PERMANENT 
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MOTOR 


HALF-WAVE SCR WITH REGENERATIVE TRIG~ 
GERING—Uses two-transistor regenerative 
trigger approximating performance of ava- 
lanche diode. R7 must be matched with 
motor rating, in range from 0.1 ohm for 
larger universal motors to 1 ohm for smaller 
types. For scr ratings up to 25 A, CRI is 
1N3755 and Ri is 75K with 120-V a-c supply. 
—"Silicon Power Circuits Manual,” RCA, N.J., 
SP-S1, p 246. 


cy 6 / 
VOLTAGE \ : 
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Lid 
GATE CURRENT GATE CURRENT 
LIGHT LOAD HEAVY LOAD 


| 
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D3 
G-EA40F 


P-M MOTOR SYNCHRONOUS CONTROL—Main- closes and bypasses scr. Motor is then with- motor cannot be turned off because commu- 
tains speed of shunt or permanent-magnet out current until next trigger, Motor speed tating switch S2 is not tripped; $1 must then 
d-c motor at rate determined by output of is held in synchronism with oscillator up to be opened.—E, K. Howell, Solid State Control 
variable-frequency ujt relaxation oscillator torque limit of motor, with that torque being for DC Motors Provides Variable Speed with 
QI. Each ujt output trigger makes scr pass maintained at all lower speeds down to Synchronous-Motor Performance, General Elec- 
motor current until cam switch on armature locked rotor. However, with locked rotor, tric, Syracuse, N.Y., No, 200.43, 1965, p 5. 
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COMPENSATED FULL-WAVE DRIVE—-Uses full- 
wave rectifier on a-c line to drive series- 
wound d-c motor, with scr providing speed 
control, Diode D5 provides current path for 
energy stored in inductive field of motor, to 
allow ser to turn off. Designed for 145th-hp 
5,000-rpm 115-V d-c motor, but circuit is 
capable of controlling motors up to Yath-hp. 
—"Semiconductar Power Circuits Handbook,” 
Motorola, Phoenix, Ariz., 1968, p 1—21. 


LINE 


{4) 


D2 


1N4003 or MDA942-3 


FIELD 


O05 
1N4003 


Q1 
2N4172 


UNCOMPENSATED FULL-WAVE DRIVE—Uses 
three-layer diode D1 with triac for speed 


of series-wound 115-hp 5,000-rpm 


115-V_ d-c motor operating from a-c line. 
Motor can provide greater maximum torque 
than with half-wave control.—’Semiconductor 
Power Circuits Handbook,” Motorola, Phoe~ 
nix, Ariz., 1968, p 1-20. 


400" 
slower 


mg 
Unseen faster 


WF 


SPEED-SYNCHRONIZING LOGIC—Combination 
of Philips NOR60 and TU60 gates converts 
outputs of speed-synchronizing level detector 


pF 


to voltages required for speeding up or slow- 
ing down appropriate motor to give syn- 
chronization—L, J. Lemmens, Control Circuit 


for Motor Speed Synchronization, Philips, Pub. 
Dept., Elcoma Div., Eindhoven, The Nether- 
lands, No. 66. 
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megan" 

RECTIFIER SHUNT-WOUND 1/2-HP D-C MOTOR CONTROL 
Simple, low-cost solid-state speed control 
uses bridge rectifier for full-wave rectification 
Bagi Of a-c supply. Field winding is permanently 
connected across d«c output of bridge. Pro» 
vides smooth wide-range control of speed by 
controlling voltage applied to armature. 
Speed regulation is 10%.—"SCR Manual,” 4th 
Edition, General Electric, 1967, p 213-215. 


% x ARMATURE 


SPEED 
CONTROL 
{20 VAC FIELD 


R4 
332 


Cy, P CzA;Q; V Vp 


SPEED-SYNCHRONIZING LEVEL DETECTOR—~ 
Combination of Philips DOA40 opamps and 
DZD40 zero detectors delivers logic informa- 
tion on speeds to electric motors being syn- 
chronized, when d-c voltages proportional to 
speed are applied to inputs a and b by ta- 


4 
ov DZD40 Q3 
W. 

2x Y Z AsQ2B Vn 


pzD40 
Woy ¥ Z A2Q2B Vn 


G3 


Diodes type BAX13 


chometers. If speed of motor MI is higher 
than M2, output A is high and Al is zero. 
If M2 is fast, Al is high and A is zero. If 
difference in motor speeds is greater than 
limits covered by outputs A and Al, either 
B1 or B is zero depending on which motor 
is faster. Outputs are used to drive logic 
circuit that makes necessary speed correc- 
tions to give synchronization.—L. J, Lemmens, 
Control Circuit for Motor Speed Synchroniza- 
tion, Philips, Pub. Dept., Eleoma Div., Eind- 
hoven, The Netherlands, No. 66. 
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2N4986 GE 
c22B 


25k 


H5V 
60HZ 


SERIES WOUND 
UNIVERSAL MOTOR 
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SUS SPEED CONTROL—Switching action of 
2N4986 (or 2N4990) silicon unilateral switch 
permits use of smaller capacitors without af~ 
fecting reliability of thyristar triggering.— 
Silicon Unilateral Switch 2N4983/2N4986, 
General Electric, Syracuse, N.Y., No. 65.25, 
1967, 


DG 
1N4003 


HALF-WAVE FOR SHUNT-WOUND—Field of 
shunt-wound Ysth-hp 5,000-rpm 115-V dec 
motor is supplied through diode D1 during 
halfecycle in which scr Q1 conducts, D2 
serves as free-wheeling diode across field.— 
“Semiconductor Power Circuits Handbook,” 
Motorola, Phoenix, Ariz., 1968, p 1-23. 


2N3910 


COMMUTATOR—Provides up to 0.5 A at 28 
V_ of three-phase full-wave power directly 
to armature of d-c motor as substitute for 
brush-type commutator. Efficiency is 88% 
at peak load and 75% at rated load. De- 
signed for use with three external photofet’s 
that assure zero overlap, preventing switch- 
through even if all three sensors are acci- 
dentally illuminated simultaneously.—P. A. 
Studer, 3-Phase Electronic Commutator for 
DC Motors, EDN, Sept. 1, 1969, p 72. 


2N2881 


1N4003 


o1 


FIELD 


=O 


O05 


R1 
1N4003 


30k, 5 W 


Ql 
b3 2N4172 
1N4003 


cl D4 
20 pF 1N4003 
25 Vv 


B2 
1N4003 


2N2476 


2N2881 2N2881 
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FIELD 


FULL-WAVE D-C MOTOR CONTROL WITH 
FEEDBACK—Requires separate connections for 
armature and field. Full-wave bridge sup- 
plies required d-c voltage for circuit and 
motor, Counter emf of armature provides 
feedback signal. One drawback is possibility 
of hunting at low speed settings, where there 
f may not be sufficient time for scr to turn off. 
7 Vpe —A. A. Adem, Speed Controls for Universal 
Motors, General Electric, Syracuse, N.Y., No. 
200.57, 1966, p 10. 


CR2~ CRB, 
GE A45B 


GE Al4B 


ARMATURE 


CR4 CRS 
GE A44B 


—— 


INCREASE 


5-A UNIVERSAL SERIES-WOUND—Uses two 
scr’s, each conducting on one half-cycle, far 
smooth control over entire speed range. May 
also be used as dimmer for 600-W lamp 2 
load.—"Silicon Controlled Rectifier Experimen~ 9/0 
ter’s Manual,” RCA, Harrison, N.J., 1967, p 
57, 


Dr LCs Re Rg 


K021I04 +]250 pF 470 5.6K 
WMN- 


R1 
——+~ 
10kN. =i 
(10W) RB 
B2Y94-C12 390 
~. 
02 ‘al 
R2 
a oT | 
\_.___.9 
PULSE-TRIGGERED TRIAC CONTROL—Uses PA- 
60 IC amplifier connected as mvbr in control 
circuit that will sustain or suppress gate 
ae drive for full 180 deg in any half-cycle, to 
insure reliable triac control even for strongly 


22KD at Veonte 2 24V 
1OkM atVeontr 12V 


inductive motor loads. Triac type depends 
on load current.—Triacs—-Operation and Use, 
Philips, Pub. Dept., Elcoma Div., Eindhoven, 
Veonts ~Vs +Vs The Netherlands, No. 17, 1969. 
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ELECTRONIC 


FULL-WAVE REVERSING D-C MOTOR DRIVE— 
Designed around SCR2-SCR3 with common 
cathodes controlled by ujt Q1 and SCRI-SCR4 
with common anodes controlled by ujt Q3. 
Transistor clamp Q2 synchronizes firing of Q3 
to anode voltages across SCR1 and SCR4. 
At extreme left-hand position of RI, full out- 
put voltage appears across load. When arm 
of RT is moved to right of center, polarity of 
load is reversed. If R1 is moved rapidly 
through center position, plugging occurs 
{motor acts as generator).—SCR Manual,” 
4th Edition, General Electric, 1967, p 216~—217. 
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TRIAC POWER CONTROL-—~Simple and inex- 
pensive control may be used for universal 
motors, incandescent lamps, or other devices 
to a maximum power of 600 W. Article gives 
construction details, PI is polarized outlet. 
R2 varies speed or brightness from 0 to 98%, 
but for electric drills the torque will be low 
at low speeds, For continuous use at full 
load, mount triac D2 on heat sink to prevent 
overheating and loss of control.—Solid State 
Projects Manual,” Motorola, Phoenix, Ariz., 
1968, p 55. 


Ri——-100K LINEAR POT 


CR) CRA CRy CRA CR CRETE (KISS 
R2,Rg— 470 OMS, 1/2 WATT Ru Riz 2200 OMMS,2WATTS eee. MEE. 
R3,R9—" 2700 CHNSVZMATT Rig Pig 2 OHMS, 500 WATTS OR LESS, OEPEH= OE 2NIGTIA 
R4,Rg—1OK,2 WATTS 7 DING ON RATING OF LOAD GE 2N335 
Ag———-$700 GHNS,/2 WATT C2 O2MFO 


SER) SCRZ,SCRySCR4~ OE SCR (VOLTAGE RATING DEPEN— 
OENT ON SECONDARY TRANSFOR~ 


MER VOLTAGE) 


fe) 
RBI | 
9 


PEZ23I,UTC HB1, OR EQUNALENT 
13} as weouneo er Loss 


stort ("1") 


BRAKING 3-PHASE MOTOR—Circuit detects 
excessive drop in speed of motor and applies 
d-c braking current to windings to stop motor 
quickly and minimize disruption to sequence 


then 
current to avoid burning 
out motor winding. Uses Philips IC logic 


of operations on 
switches off braking 


production line, 


blocks.—Asynchronous Motor Braking Control, 
Philips, Pub. Dept., Elcoma Div., Eindhoven, 
The Netherlands, No. 92, 1970. 
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HALF-WAVE SCR WITHOUT REGULATION— 
Gives maximum conduction angle of about 
170 deg and 8-V firing-voltage threshold. 
RI is 75K speed control for 120-V secr’s han- 
dling loads up to 25 A a-c, CRI is 1N3755, 
and scr depends on load current rating.— 
“Silicon Power Circuits Manual,” RCA, Har- 
rison, N.J., SP-51, p 241. 


TYPE 
2N324148 


AC 
SUPPLY 


Fon Molor 
Field Coit 


BT Idt 


Ra R} = 4,70, 7.0 W 
anu field coil R2 = 2.0 KO; 2.0 W 
*RO = 1202; 0.5 W 
R4 = 5000; 0.5W 
armature @ £C7] = 47yF; 63V , 1. 
asariae (2 srage boty, rowing 25nd 


develops sufficient power to drive cooling fan 
motor at frequency of about 68 Hz without 
noise-producing d-c motor brushes. Motor 
can be ordinary rim-drive phonograph motor 
with field coil rewound as shown, or Gonset 
115-011 motor available from Mamco, Ra- 
Transistors are RCA 40251.—W. 


* these values depend on the 


field coil 2 
minimum speed requirement. 


D2 


only two connections to motor, as compared 
to circuits in which thyristor is between arma- 
ture and one field coil.—Simple Speed Con- 
trol for Small A. C. Series Motors, Philips, 


low-cost 


MIXER SPEED 


CONTROL-Single 
thyristor provides smooth continuous speed 
control of universal a-c motor for mixer or 


cine, Wise. 


electric drill. R3 determines minimum speed Pub. Dept., Elcoma Div., Eindhoven, The fF, Frankart, Brushless D. C. Fan Motor, CQ, 
setting. Typical speed ratio is 3:1. Requires Netherlands, No. 17, 1968. May 1966, p 49. 
OSCILLATOR MOTOR 


DELAY LINK 
o_O 


Im 
SERIES |20AMPS 
FIELD MAX, 


tions to maintain synchronism with vujt fre- 


Motor is then 


SYNCHRONOUS SERIES-MOTOR CONTROL—Re- = bypasses current around ser, 


laxation oscillator Q? generates trigger pulses 
for scr. With operation from d-c source, scr 
conducts current through motor until cam 
switch on armature closes and momentarily 


without current until arrival of next trigger. 


D2 eliminates most of arcing at $2. Article 
gives detailed description of circuit action 
during under-speed and over-speed condi- 


quency.—E. K. Howell, Solid State Control for 
DC Motors Provides Variable Speed With 
Synchronous-Motor Performance, General Elec 
tric, Syracuse, N.Y., No. 200.43, 1965, p 4. 
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TRANSISTOR SUPPLEMENTS 


CENTRIFUGAL 
“SWITCH—Q1 provides dynamic braking path 
for armature and improves speed regulation. 
When switch contacts open, QI is biased on 
through R2, to reduce arcing at contacts.— 


UNIVERSAL MOTOR 


HALF-WAVE CONTROL WITHOUT FEEDBACK— 
Diac-triggered scr, for speed control of uni- 
versal a=c/d-c motor, has wide control range, 
although absence of feedback signal makes 
motor slow down as load is increased. When 


RESISTOR 


y 
“CONTACTS 


R2(BIAS) 
toon 


T. F. Bright, Bridge Circuit Temperature Sta- 
bilizes Relay Operation, “400 Ideas for De- 
sign Selected from Electronic Design,’’ Hayden 
Book Co., N.Y., 1964, p 98. 


SCR1 
GE C228 


load is removed, motor runs at no-load 
speed for setting of P1.—A. A. Adem, Speed 
Controls for Universal Motors, General Elec- 
tric, Syracuse, N.Y., No, 200.47, 1966, p 3. 


commutator 
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By 


Detector B+ 
———4 aad 
switch 
Oscillator 


QQ,  2N718 
QQ,  2N1304 
CR,, CR, 1N750 
RR, 4.7K 
oR, 4.7K 
a3 RR, 4709 
RR, 100K 


From 
capacitor 


Fo 
motor 


CAPACITIVE SWITCHING OF WOUND POLES 
~—Can be used wherever d-c motors or a-¢ 
synchronous motors without brushes must op-~ 
erate with minimum maintenance. One set 
of four capacitor stator plates is provided for 
each wound pole of motor, and switching is 
accomplished by mounting capacitor rotor on 
motor shaft so it passes between stacked 
stator plates. Rotor plates should be in- 
sulated from shaft, and require no electrical 
connection because they merely serve to 
couple stator sections. Modulated output 
from stator is detected and used to switch 
appropriate wound poles of permanent-mag 
net motor. Amplitude of modulation is in- 
dependent of speed, which means that capaci~ 
tor system performs equally well for motor 
starting, running, and restarting from stall. 
D-c supply is 100 V and oscillator is 100-kHz 
sine-wave.—"Selected Electronic Circuitry,”” 
NASA SP-5046, 1966, Government Printing 
Office, Washington, D.C., p 70. 


oO load } 


250uH 


220V 


250pH 
Oo wee oe 


—_ 
oa 7 aces a 


0.1 pF 


i BZY88-C18 


QTx94-600 


BASIC SCS CONTROL FOR TRIAC—Uses BRY39 
silicon controlled switch with triac for con- 
trolling power to low-inductance loads such 
as lamps, heaters, and squirrel-cage fan 


motors. Control range is 20 to 170 deg. 
Large changes in line voltage affect trigger 


angle excessively for certain applications.— 


Triacs—Operation and Use, Philips, Pub. Dept., 
Elcoma Div., Eindhoven, The Netherlands, No. 
17, 1969. 
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STARTING WINDING 


SINGLE 
PHASE 
INDUCTION 
MOTOR 


HALF-WAVE SCR WITH REGULATION—Highly 
effective for speed control of universal motors. 
Counter emf, which is function of speed, de- 
termines point in each positive half-cycle at 
which ser fires. Skip-cycling may occur at low 
speed settings of R2, making motor speed 
erratic, Uses 1N3755 for both diodes for 
motors drawing up to 25 A from 120-V a-c 
line. Book gives values of R¥ and R2 for 
eight different scr types.—“Silicon Power Cir- 
cuits Manual,” RCA, Harrison, N.J., SP-51, p 
244, 


rc-- 


OSCILLATOR 


UJT-SCR CONTROL FOR SERIES MOTOR—Re- 
laxation oscillator @1 generates periodic 
pulses that trigger ser carrying motor current. 
At one or more points in rotation of motor 
shaft, cam bypasses current around scr to 


+10 Vdc AT 


(FmAHS 
52mA FS 


TRIAC MOTOR-STARTING SWITCH—Used to 
control starting winding of 1/2-V single-phase 
115-V induction motor. Eliminates need for 
centrifugal switch that would cut out winding 
when rotor reaches about 75% of full-load 
speed. Operation is based on starting cur- 
rent in main winding being several times 
running current. Triac QI is triggered by 
drop across R1 whenever main-winding cur- 
rent exceeds threshold level. Values shown 
are for motor having peak starting current of 
40 A and peak running current of 8 A, with 
triac triggering on only for currents above 12 
A. Current drops below 12 A after about 12 
cycles.—Semiconductor Power Circuits Hand- 
book,” Motorola, Phoenix, Ariz., 1968, p 4-5. 


HB Vdc aT {290414 


STANCOR 
P-8358 
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~“,amit Aton. 


40-400 HZ CONTROL—Uses wideband IC am- 
plifier to drive 500-ohm load through trans- 
former and four-transistor power amplifier. 


DELAY LINK 


Time between 
turn-on by ujt and turn-off by scr depends 


make it turn off (commutate). 


on motor load. Arrangement provides high 
Starting torque at any speed below desired 
synchronous speed that would otherwise re- 


! 


May also be used cs servo amplifier. Deliv- 
ers 29 W.—“Linear Integrated Circuits,” RCA, 
Harrison, N.J., 1C-41, p 274, 


ore ee 


MOTOR 
Ty \ 
iy 20 AMP | 
MAX 
ARMATURE 


quire a-c synchronous motor. Use of cam 
switch gives simplicity and low cost.—E. K. 
Howell, Precise Speed Control, High Torque 
Can Now be Combined in DC Motors, Efec~ 
tronic Design, Dec. 6, 1965, p 20-25. 
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NTVAC, 


SWITCHING 3-PHASE MOTOR—Philips 1C NOR 
circuits, power amplifier, and TTM thyristor 
trigger module, when connected to bridge cir- 
cuits as shown, will switch on 3-hp 3-phase 
motor M when 1-level pulse is applied to in- 
put A, and will switch motor off when 1-level 
Temperature-sensitive PTC 
protection. 
Values are: RI 22; R2 10; Cl-C2 1 wF at 
1,000 V; all diodes are BYX25/800R; thyris« a ee 
Thyristor bridges are (| 


is applied to B. 


resistor provides _ overload 


tor TH is BTX12/600R. 


ELECTRONIC CIRCUITS 


for RI. 


UNIVERSAL 
MOTOR 
LOAD 


+12V 


temp fuse 


identical.—C, Rosielle, “Control System De- 
sign Manual for 60-Series Norbits,” Philips, +t 
The | 


Pub. Dept., Eleoma Div., 
Netherlands, 1968, p 147, 


Eindhoven, 


O- OFF 


MANUAL 


SPEED CONTROL—For 2-A universal motors 
use 2N1774 for SCRI, 3 A for FI, and 10K 
For 5-A motor use 2N685 for SCRI, 


10 A for FI, and 5K for RI1.—D. Cooper, SCR’s 
and Triaes—the Revolution Continues, Flec- 
tronies World, Aug. 1968, p 25-28. 


8 


(2.1A60) 
LF 


Thyristor_stock 


SIMPLE SPEED CONTROL—Simplified version of 
armature voltage bridge for sensing speed 
provides economical contro] for d-c shunt 
motor. R7 sets speed. Uses Mullard thyris- 
tor stack rated at twice motor full-load cur- 


rent, plus two other Mullard modules. 


axByxi0 


Current iimit modure 


Thyristor trigger module 


Diodes D3 and D4 are Mullard BYX22-80, C2 
is 20 uF, and R3 and R4 depend on armature 
resistance. Report gives complete design in- 
formation.—J. Merrett, Thyristor Speed Con- 


trol Circuit Design for D. C. Shunt Motors 
Supplied from A. C. Mains, Philips, Pub. 
Dept., Elcoma Div., Eindhoven, The Nether 
lands, No. 438, 1967. 
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AC 200V 


INPUT 


ELIMINATING SNEAK-PATHS—Provides electri- 
cal isolation between d«c control circuit and 
a-c line, without resorting to bulky isolation 
transformer. With bias as shown, ujt re- 
laxation oscillator starts when Cl charges to 
7 V. When input control voltage is increased 
above 7 V d-c to increase speed of mator, 
pulse repetition rate increases up to prr cor- 
responding to zener limit of 9.1 V. TI 


field coil 


BTIO! 


armature 


Y field coil 


ELECTRIC DRILL SPEED CONTROL—Uses low- 
cost thyristor and minimum of other com- 
ponents to provide smooth continuous speed 
control above minimum speed setting deter- 
mined by values of R3 and Cl, which are 
typically 270 ohms and 16 xF. R1 is 5.6K, 
R2 is 1K, and diodes are BYX10. Developed 
for use with a-c series universal motors in 
hand drills, food mixers, and similar appli- 
ances.—Simple Speed Control for Smail A. C. 
Series Motors, Philips, Pub. Dept., Elcoma 
Div., Eindhoven, The Netherlands, No. 17, 
1968. 


20-A MOTOR SPEED CONTROL—New five- 
fayer FQO12 switching thyristor triggered by 
bioc provides smooth wide-angle control of 
speed for a-c motors rated at up to 20 A. 
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2N1597 
CRs 


couples pulses to scr, to provide full-wave 
control of a-¢ motor through five-diode 
bridge. Series resistor and capacitor across 
bridge suppress motor-produced transients.— 
S. Steckler, Motor Control System Isolates AC 
Lines from DC Circuits, “400 Ideas for Design 
Selected from Electronic Design,” Hayden 
Book Co,, N.Y., 1964, p 217. 


INPUT 


REVERSING SWITCH—With input open, per- 
manent-magnet d-c motor runs in one direc« 
tion. When input is shorted by ordinary 
switch, switching transistor, or other means, 
motor reverses. Closing switch makes Q? 


ka 


Will also handle lamp or heater loads. Speed 
control is 450K pot.—FLS Five-Layer Switch 
{Hitachi ad}, Journal of Asia Electronics 
Union, No. 1, 1970, p 32. 


SERIES 
FIELD 


SCR) 


CR2 
GE AI4B GE 
C22BxKTO 


CRI 
GE Al4. 8 


GE}24XL9.1B 


SLOW-SPEED HALF-WAVE WITH FEEDBACK— 
Gives stable operation at all speeds, Motor 
residual field provides speed feedback signal. 
Circuit permits very short scr conduction time, 
for stable operation at low speeds. Need for 
separate armature and field connections to 
motor is possible drawback.—A. A. Adem, 
Speed Controls for Universal Motors, Gen 
eral Electric, Syracuse, N.Y., No. 200.47, 1966, 
p 5. 


Q4 
2N3638 


and Q4 conduct, turning off Q2 and Q3. 
Applications include reversal of battery~ 
powered tape recorders.—C, B. Smith, SPST 
Switch Reverses PM DC Motor Rotation, Elec- 
tronic Design, April 26, 1967, p 245. 
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2-A UNIVERSAL FOR POWER TOO1S—Provides 
full-wave control over entire speed range, 
with essentially constant speed for any given 
setting of R1 under changing load conditions. 
Operates smoothly at low speeds, but motor 
may overheat because built-in fan cannot 
provide sufficient cooling air at low speeds. 
Intended only for vuniversat series-wound 
motor, but can be used for dimming lamps 
up to 240-W.—"Silicon Controlled Rectifier Ex- 
perimenter’s Manual,” RCA, Harrison, N.J., 
1967, p 53. 


SILICON DIODE RECTIFIER 


3 PHASE INPUT 
FROM 
TRANSFORMER 


ea as 
INCREASE 
SPEED Re 
LOAD 
ZAMPERES MAX. 
Ra 
AA KD 2100 150 
KD2103 
St { KD2i03 Koa | KB, 
—S t KD 2102 
120V 02103 5 
60 Hz Kee! 
KD2103 
R Rio’ 3 
he 100 “FE 50 uF Ry 
5 W i000 
aS ana 
Rg 
6000 
DC OUPUT TO 


REGENEATIVE LOAD 


real 


Sy) 
Q 
2ni7it ay 


SELF-REVERSING—Damping resistor RD dissi- 
Pates initial energy of motor when power is 
removed, and develops signal that turns on 
Q1 as motor is slowing down. When motor 


REGENERATIVE-LOAD POWER ABSORBER— 
Uses scr’s in regenerative control circuit to 
absorb energy from regenerative loads such 
as elevator and crane motors. Is quiet, has 
adjustable time delay, and has long life. 
A-c line variations do not affect set point. 
Circuit values are for 1.5-kW regenerative 
control unit having 220 V at no-load. Re~ 
generative load is picked up at 230 V and 
dropped out at 220 V.—S. P, Lee, Regenerative 
Load Energy Absorbed by SCR Circuit, Efec- 
tronic Design, May 11, 1964, p 87—B9. 


CW LIMIT 


CCW LIMIT 
N47 
#28 
cw 
Vy 0 
cow oe 
“28 


stops, Q3 turns on and pulses latching relay 
L to reverse motor connections. Can be used 
to reverse scan direction of motor-driven an- 


tenna when limit switch operates.—J. £. Bjorn- 
holt, Dynamic Braking EMF Signals Motor To 
Reverse, Electronics, June 22, 1970, p 84. 
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TYPE 
IN3754 


SUPPLY 
VOLTAGE - 


MOTOR 
VOLTAGE ? C; 


NI (pF 
CAPACITOR r 
VOLTAGE CNS ~ 
AC 
SUPPLY 


FULL-WAVE SCR WITHOUT REGULATION— (N3754 


Simple full-wave proportional control uses 
a-c phase shifting to provide gate phase-angle 
transformer 


control. Small pulse provides 
isolation, Conduction angle range is 30 to 
150 deg. Book gives values of all compo~ 


nents for eight different types of scr used 
with both 120-V and 240-V a-c lines.—"Sili- 
con Power Circuits Manual,” RCA, Harrison, 
N.J., SP-51, p 248. 


FULL-WAVE SCR UNREGULATED WITH 5-170 
DEG CONDUCTION RANGE—Large conduction 
angle range is more desirable when higher 
power is to be controlled. For 120-V a-c 


1N3128 


IN3754 


TYPE 
IN3754 
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Rs 
150 
(/2W 


TYPE 
2N406 


TYPE 
2N3241A 


supply, R2 is 75K and scr’s depend on motor 


current rating. For 240-V a-c, R2 is T50K.— 
“Silicon Power Circuits Manual,” RCA, Harri- 
son, N.J., $P-51, p 249. 


(LOY .03 
R31 + R4o 


2N1165 
OR MP505 (10) 
9,70 81, 


MR1216 


TOA 


LOM12Z 
1IN2976 
PWM CONTROL FOR 36-V GOLF CART— 
Handles up to 200 A under stall or starting 
conditions by using ten transistors in parallel 


we 1N4001 
D 
Rig 1 


for control of series d-c motor. 
how pulse width modulation is used to con- 


Book tells 


trol speed.—"Circuits Manual,” Motorola, 


Phoenix, Ariz., 1965, p 6-4-8. 
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SERIES 
FIELD 


Vac CRI SCRI 
(17 VOLTS PI GE Al4B GE C22B 
I 
i FAST 
SETTING 


HALF-WAVE WITH FEEDBACK—Uses feedback 
by motor residual field to induce back emf 
in armature proportional to speed. Scr is 
located between armature and series field 
winding. When load on motor is increased, 
feedback action automatically advances firing 
angle of scr, thereby increasing motor torque 
while maintaining essentially constant speed. 


Chief drawback is 25-W power dissipation in fr] Ly Led 
RI-P1, Operation is unstable at low speeds. a thyristor] 
A, A. Adem, Speed Controls for Universal ‘silicon 


Motors, General Electric, Syracuse, N.Y., No. controlled 


200.47, 1966, p 4. 


ISVee 
LINE 


MAIN 
WINDING 


750. 
sOOW 


My 5 HP CAPACITOR 
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SPRAGUE 11212 

LINE 
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IN4003H4) 


TYPICAL TRIGGER CIRCUIT FOR TRIAC BRIOGE 


R 
INPUTS FROM POSITIVE OTL 
OR TRANSISTOR COGIC 


TRIACS REVERSE CAPACITOR MOTOR—Simple 
triac bridge controls direction of rotation for 
fractional-horsepower capacitor-start motor. 
Power is obtained from a-c motor line. Left 
and right rotation command signals are ob- 
tained from trigger circuit (shown also) 
through transformers TI and 12, with trigger 
in turn controlled by low-level logic from 
flip-flop or other source.—High-Voltage Trincs 
Reverse Capacitor Motor, “Electronic Circuit 
Design Handbook,” Tab Books, Blue Ridge 
Summit, Pa., p 33-34. 


LOW-COST THYRISTOR CONTROL OF SMALL 
FHP MOTOR—Philips BT102 thyristor makes 
smooth, continuous speed control economical 
for sewing machines, food mixers, electric 
drills, and other appliances using small frac- 
tional-horsepower motors, Tachometer on 
motor shaft provides feedback to stabilize 
speed against variations in motor loading, 
while zener provides stabilization against line 
voltage changes. Thyristor is triggered by 


IN4E2 


CONTROL 
INPUT 


PROPORTIONAL D-C CONTROL—Drives 15-V 
d-c permanent-magnet motor rated at 100 
mA. Bridge-type proportional control ampli- 
fier QT-Q4 is driven by common-emitter 
stages Q5-Q6. Motor voltage varies from 
9.5 to 14.7 V when control input voltage is in- 


switch 


scs at point in each half-cycle corresponding 
to setting of speed control R2, to give 7:1 
speed range. Tachometer is disk of ceramic 
magnetic material mounted on motor shaft, 
inducing pulses in coil wound on suitably 
shaped stator.—Series Motor Speed Control 
Systems with Tachometer, Philips, Pub. Dept., 
Elcoma Div., Eindhoven, The Netherlands, No. 
6, 1968, 


Q1,Q2 - 2N2906 

Q3-Q06~- 2N2222 

DIODES - ING 47 
creased from 0.8 to 2.5 V, with proportional 
change in speed. Control switch determines 
direction of rotation.—J. Ayer, Proportional 
DC Motor Control Requires Low-Level Inputs, 
Electronic Design, Aug. 15, 1968, p 236. 
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70 VOLT DG MOTOR ARMATURE 


aap am  — SOVOLT 
r FieLD? 


HALF-WAVE NEON-TRIGGERED—Simplest and 

GECz28 lowest-cost speed control for universal, shunt, 
or p-m motors. Uses one ser and minimum 
number of components. Series network RI- 
P1-Cl supplies phase-shift signal to neon that 
triggers scr on at varying times in positive a-c 
half-cycles—“SCR Manual,” 4th Edition, Gen- 
eral Electric, 1967, p 215. 


to VAC 


CONNECTION 
FOR SHUNT 
FIELD 


1/2wW C3 


.O2 pF 200V 


HALF-WAVE WITH IMPROVED SPEED REGU- WV ag 
LATION~Reliable and economical circuit with 
excellent performance at low speed is 
achieved by using ramp charge on Cl to pro- 
vide stable triggering point for SCR2, which 
in turn delivers pulse rather than continuous 
current for triggering gate of SCRI.—A. A. 
Adem, Speed Controls for Universal Motors, 
General Electric, Syracuse, N.Y., No. 200.47, 
1966, p &. 


SCRI 
cri GE C228 
GE AI4B "OR 
> 


GE C328 


UNIVERS AL 
MOTOR 


GE AI6B 


MINIATURE 
D-C MOTOR 

R, = 20 

K = 1830 RPM/V 


0.1 TO 4.0¥ 
CONTROL 
VOLTAGE, Vs 


-6y 
CONSTANT SPEED WITHIN 2%—Negative im- nected with both positive and negative feed- $. Ben-Yaakov, Negative Impedance Stabilizes 
pedance in series with motor makes speed back serves as negative impedance converter. Motor’s Speed, Electronics, Mar. 30, 1969, p 


essentially independent of load. Opamp con- Capacitor prevents circuit from oscillating.— 94. 
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FOUR-SPEED CONTROL~Provides four differ- 
ent speeds with permaneni-magnet d-c motor 
energized from a-c line by means of thyristor 
whose conduction angle depends on differ- 
ence between reference voltage of zeners and 
back em? of armature, to give two different 
washing speeds and two different spin-dry 
speeds for washing machine. Spin-dry cycle 
can be started before drum is completely 
drained, without risk of overheating motor. 
Heating element R1 for spin-drying is 14 
ohms; R2 is 4.3K, R3 10K, R4 100-ohm pot, 
DI and D2 BZY88/C7V5, D3 and D4 BYX10, 
D5 BYX38, and D6 BT101/500R.—W. Ebbinge 
and D. C. de Ruiter, Improved Speed Con- 
trol for a Permanent Magnet Motor, Philips, 
Pub, Dept., Elcoma Div., Eindhoven, The 
Netherlands, No. 446, 1969. 


: : SCRI 
f GE C228 
2p 2N2923 ce 
200V 
GE C32B 
HIGH-PERFORMANCE UNIVERSAL-MOTOR 
ay CONTROL—Gives greatly improved speed- 
‘AC control performance at low speed settings. 
Choice of scr depends on motor rating.—A. 
cRe A. Adem, Speed Controls for Universal Motors, 
GE Al4B UNIVERSAL General Electric, Syracuse, N.Y., No. 200.47, 
MOTOR 1966, p 7. 
INVERTER CAPACITORS RESISTORS 
C1 10uF, NP, 200 AY = 90 St 
C2005 uF, 25V A2- 620 82 
C3 ~ 6,000 uF, 300 V A3~ 5600 
C4 ~ 50 uF, 50V Ra ~ 43k 
CS ~ SOuF, 25 Vv AS = 330 2 
C6 ~ 0.25 pF, 25 AG 22 kD 
Cc) - O25 uF, 280 AP #3 KR 
C8 ~ 0.001 wF, 25. V AB 1 ko 
C9 - SOuF, 25V RAD ~ 20 82 
10-0001 KF, 25 Vv Ald~27K2 
1) - 0007 RF, 25 Vv Bn - 3902 
BIZ 10K 
RIS GB ksh 
DIODES Aig = 22 ks? 
Bi - MASIIS Rib ~ 56 KL 
02 - MAI125 RIG ~ BOKR, 
O03 ~MARIT25 AI7 ~ 160 kSt 
04 - MR1126 AB 2 ks 
O5 - INaoos AID-39kn 
DG ~ 1N4004 A26~ 1OkKN 
07 ~ 1N4001 R21 ~ 6.8 KN 
DB ~ 1N4001 Ra2~ 10k 
08 - Jhanos R22 - 36 kD 
O10 — 1N4001 A24~ 36 KN 
Bia — 14001 R25 ~ 81K 
O32 — 1N4001 R26 ~ 10k 
O43 - IN4001 R27 - G.B sD 
O14 — 1N4001 R28 ~ 2.8k2 
B15 = $Nao01 
O16 ~ 1N4Q01 TRANSISTORS: 
O17 ~ 14746 a1 ~ 2N5170 
O18 ~ tNa744 Q2 ~ 2NS170 
Q3 - 2N5i70 
4 ~ 2NS5170 
INDUCTORS OF- 2N41246 
Li -32mH,CT, 104 Q6 ~ 2N4a71 
L2<1 mH, 10a Q7 ~ 2N3019 
13 ~ 20 mH, 100 QB - 2Na871 
Qo ~ MPS6631 
O10 ~ MPS8591 
TRANSFORMERS: Qi} = 2N4124 
Tt = SPRAGUE 11213 Qt2 -2N3904 
OSCILLATOR POWER VOLTAGE AEGULATOR INVERTER ORIVER i = SPBacue y1203 13 -~2N3804 
INVERTER-DRIVEN INDUCTION MOTOR—Scr regulator varies both amplitude and fre- ne nAS ree ta Gis angees 
inverter Q3-Q4 is driven by flip-flop driver quency of motor voltage to get smooth speed 
and ujt oscillator, with ujt frequency being control. Used with Yeth-hp single-phase in- voltage. Book describes operation in detail, 
twice that applied to motor because of di- ductign motor. Motor does not overheat —"Semiconductor Power Circuits Handbook,” 


vider action of flip-flops. Power voltage even though circuit provides square-wave Motorola, Phoenix, Ariz., 1968, p 1—14. 
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SCRI SCR2 
2NI595 2NI595 
REVERSING D-C MOTOR~Closing $1 triggers 
SCRI on to apply power to right-hand ter- 
minal of motor, and simultaneously saturates 
Q1 to ground other terminal of motor, Sim- 
ilarly, $2 sends current through motor in oppo- 
site direction to provide reversal. Used with 
3-V_ 500-mA motor.—C. S. Pepper, SCR-Tran- 
sistor Switch Allows DC Motor Reversal, Elec- 
tronic Design, Feb. 17, 1964, p 93-94. 
ARMATURE 
FIELD 
UNCOMPENSATED HALF-WAVE DRIVE—Con- 
trols speed of series-connected d-c motor by 
Dt Qi varying average voltage applied to motor. 
1N4003 2N4172 Operation is stable at low speeds for given 
load. Speed control R2 sets firing point of 
scr QI. Used with Isth-hp 5,000--pm 115- 
V d«c motor on 120-V a-c line.—“Semiconduc- 
tor Power Circuits Handbook,” Motorola, 
Phoenix, Ariz., 1968, p 1-18. 
UNIVERSAL MOTOR 
{FULL WAVE) R2 
RI Kote} 
250K 
FULL-WAVE A-C DRIVE—Simple nonregulating 
full.wave phase control for universal series 120 VAC 
motors, Choice of triac depends on motor 
current rating; for 6 A, use SC41B.—“SCR 
Manual,” 4th Edition, General Electric, 1967, C1 GE ST-2 an? ‘a 
p 216, Olpta 200V 
ij 


UT Vane 


CRI sust 
GE AI4B GE DI3DI 


scRi 


GE C22B 
OR 


GE C32B 


UNIVERSAL 
MOTOR 


SUS-TRIGGERED UNIVERSAL CONTROL WITH 
FEEDBACK—Economical and reliable circuit 
provides good control at low speeds by 
using silicon unilateral switch to provide pulse 
rather than continuous current for triggering 
gate of scr. Motor residual field provides 
back emf for speed feedback signal. Compo- 
nent values for RI and PI are independent 
of scr used, Article gives changes needed for 
operation on 240 V.—A. A. Adem, Speed 
Controls for Universal Motors, General Elec- 
tric, Syracuse, N.Y., No, 200.57, 1966, p 8. 
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STARTING WINDING 
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SINGLE PHASE 


MANUAL 


(INDUCTION 
ce MOTOR TRIAC STARTER FOR Y2-HP INDUCTION—Re- 
ISQULF places mechanical centrifugal switch in dis» 
connecting start winding when motor 
man SS reaches about 75% of full-load speed. Volt- 
WINDING age across RI, proportional to current in 
main winding, gates triac; use slide-wire re- 
R2 sistor initially to select correct trigger level.— 
50 G. V. Fay, Reliable Semiconductor Replaces 
Cl Centrifugal Motor Starting Switch, Electronic 
iF Design, Aug. 16, 1969, p 248. 
300V 
o ~~ 
Low MEDIUM HIGH 
UP TO {AMP UP TO 3 AMP. UP TOIS AMP 
[nameplate | NAMEPLATE | NAMEPLATE 
HALF-WAVE UNIVERSAL SERIES MOTOR CON- Rel? Gece ae wen 
TROL—Used in blenders, hand tools, vacuum aad 
cleaners, mixers, and light industrial appli- RI 47K UW 33K 2W 33K 2W 
cations, Gives equivalent of infinitely vari- fe 
able tap on motor, For full-speed operation 20 vac R3 v2w OPTicheaL OPTiONaL 
with half-wave circuit, 80-V motor must be | Ga FcR ome CRC Fae | 
used. Article gives theory of operation in cl | 0Sat bov 'Onf Sov font SOV 
detail. Table gives values of components { ct ve ep eos pcoiatiou i Solaniove FI 
required for three different sizes of motors. v! oS a OPTIONAL OPTIONAL 
—'SCR Manual,” 4th Edition, General Elec« oe GE Letter 
tric, 1967, p 210~211. ia “NOTOR Seri) cioea cz2ex7o 
GE ALB 
+12v gos 
D-c K 
Sy Se TAPE ADVANCE 
CLOCKED STEPPED iN4004 114004 OE NL 
OPERATION OPERATION 50 OHMS 
Ry Ra 
1M 33h 3 015M Seek 
0.001 at 60-V RMS 
[—4 A-C 
SUPPLY 
0.33M eee 
Qs 
Qe 
IN4154 
A Ea 
Q,; — PROGRAMABLE UNIJUNCTION TRANSISTOR (GE TYPE 01371) 
Q2 - SILICON UNILATERAL SWITCH (GE TYPE 2N4987) 
Q, ~~ SILICON-CONTROLLED RECTIFIER (GE TYPE C106B1) 
PROGRAM-TAPE STEPPER—Inadvertent ad- point of programmable ujt Q1. When Q] $1 opens and closes at prescribed time in- 


vance of d-c stepping motor by supply noise 
is minimized if motor is activated by arc 
signal. Tape advance signal closes either $1 
or $2, depending on mode of operation 
chosen. Closing $2 charges C1 to breakover 


fires, ser Q3 is turned on during positive half+ 
cycles of a-c supply voltage, energizing step- 
ping motor that indexes tape, Sus Q2 en- 
sures that scr is gated on at beginning of 
each positive half-cycle. In clocked mode, 


tervals of about 1 s, depending on time con- 
stant R1-Cl.—J. H. Silverman, A-C Source 
Drives Tape-Stepping Motor, Electronics, Nov. 
24, 1969, p 109. 


MOTOR 


43k 
5.OW 


Rt 


ot 
1N4003 


1N4003 


COMPENSATED HALF-WAVE DRIVE—Speed 
regulation is much better than for uncom- 
pensated drive. Back emf of motor provides 
feedback when ser is off, to compensate for 
changes in load. Used with 1As5th-hp 5,000- 
rpm 115-V d-c¢ motor on 120-V a-c line.— 
“Semiconductor Power Circuits Handbook,” 
Motorola, Phoenix, Ariz., 1968, p 1--19. 


G-E 
IN4154 
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Qi 
2N4172 


A-C MOTOR STARTER—Momentary closing of 
start button latches triac on and starts mator. 
Momentary closing of stop button, closing of 
thermal overload contact, or loss of line volt- 
age stops motor, Resistor and capacitor 
values are given in specifications for triac 
chosen ts match motor rating.—F. W. Gutz- 
willer and E. K. Howell, Economy Power Semi- 
conductor Applications, General Electric, Syra- 
cuse, N.Y., No, 671.1., 1965, p 8, 


~~~ eee 7 SWITCH 8, 
/ DRIVEN BY 
MOTOR; 
CLOSED =20° 
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PM 
MOTOR 
ARMATURE 


GHE 
2N2925 
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G-E 
2N3416 
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UJT CONTROL FOR P-M MOTOR—Ujt relaxa- 
tion oscillator drives flip-flop to energize small 
battery-operated permanent-magnet motor. 
Rotation of motor shaft closes $1, reversing 
flip-flop and turning moter off. At low 


speeds, cam on motor shaft should close $1 
several times per revolution. Motor speed 
can be changed in discrete octave steps by 
changing switch closures per revolution from 
1 to 2 to 4 to 8, etc., either mechanically or 


electrically, Speed is synchronously related to 
oscillator frequency.—E, K. Howell, Precise 
Speed Control, High Torque Can Now be Com- 
bined in DC Motors, Electronic Design, Dec. 6, 
1965, p 20-25. 
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PULSE DRIVE FOR D-C MOTOR—Astable mvbr 
generates pulses with duty cycle adjustable 
by R-5 from 0.2 to 100% for efficient con~ 
trol of small d-c motor.—W. G. Trygstad, Jr., 
Pulse Circuit With Wide Duty Cycle Controls 


Ol-IN456 Motor, Electronic Design, May 11, 1964, p 78. 


OQUTPUT 


Qs 
Qi 2NI305 
2Ni305 


q 


FULL-WAVE SCR WITH REGULATION—Devel. 
oped for applications requiring feedback to 
compensate for load changes. R2 is 75K 
for 120 V arc line and 150K for 240-V line, SUPPLY 

VOLTAGE MOTOR 
and scr types depend on motor current rat- Y VOLTAGE 
ing.—“Silicon Power Circuits Manual,” RCA, 
Harrison, N.J., $P-51, p 250. 


ed 
GATE CURRENT GATE CURRENT 
LIGHT, LOAD HEAVY LOAD 


60 CPS SYNCHRONOUS MOTOR 


+12 VDC 
(165 ma) : 50 OHM do 
° 


D-C DRIVE FOR SYNCHRONOUS MOTOR—Ujt- supply, 2N3394’s in mvbr are synchronized Motor must have center-tapped winding.— 
mvbr combination permits operation of syn- by ujt relaxation oscillator Q1 to give con- D. V. Jones, UJT and Multivibrator Form 
chronous clock motor, induction motor, or stant frequency. Mvbr drives 2N3416’s oper- Brushless DC Motor, Electronic Design, Oct. 11, 
hysteresis synchronous motor from 12 V dec ating with motor winding as d-c/a-c inverter. 1965, p 67—68. 


CHAPTER 54 
Multivibrator Circuits 


O Vee (4-59) 


sen 


270 


FAST RISE AND FALL TIMES—Ferranti transis- 
tors give 10-ns rise and fall times, permitting 
high repetition rates in simple saturated-mode 
circuit, Maximum working frequency is above 
10) MHx.—E-Line Transistor Applications,” 


Ferranti Ltd., Oldham, Lancs,, England, 1969, p 
7. 


O OUTPUT 


C=22pF minimum 


ZTTXH2 ITXH2 


+12v 


QQ. = 2N2222 
Q3 = 2N2907 
DIODES 1N3064 


u 


tity, 


OUTPUT i 
0 


wi is di wy —E. J. Hoffman, One-Shot Multi- 
A STAN N ise i i Ise width is dix down to 5 ys. BJ. I. 

N pa igi db: noise immunity. Output pul ; ¢ ; bees Gea) Sead 
ee piel paca ‘ pe cco tor rectly proportional to Cl, and is 1 s for values vibrator Requires No Standby Pow 

power consumption makes 


+ 2 
ic medical projects las high shown, Reducing Cl gives pulse widths tronics, May 26, 1969, p 91 
aerospace ond ts. H 
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470 OHM 


02 6 


Vo 


HYBRID SYMMETRICAL MVBR—Addition of ujt 
gives perfect symmetrical square-wave output 


without need for balance control. Largest 


capacitor is only 1 wF.—T. P. Sylvan, The Uni- 
junction Transistor Characteristics and Applica- 
tions, General Electric, Syracuse, N.Y., No. 
90.10, 1965, p 52. 


--4--- 


-10 


ne 


+12 


470 OHM 


Vo 


Vo 
(VOLTS) 


TIME {SECONDS} 


HYBRID UNSYMMETRICAL MVBR—-Uses npn 
transistor flip-flop with ujt. Waveform shown 
is for values specified for RT; with potentiom- 
eters here, lengths of two parts of timing 
period can be adjusted over range of up to 
1,000 to 1, Protective 3K resistors should 
then be in series with each pot.—T. P. Sylvan, 
The Unijunction Transistor Characteristics and 
Applications, General Electric, Syracuse, N.Y., 
No. 90.10, 1965, p 53. 
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o-20V 


470 OHM 


Vo 


160 OHM 


0 par rnp nt 
! \ ! 


TIME (SECONDS) 


BASIC TWO-TRANSISTOR CIRCUIT—Included 
for comparison, because output waveform 
deviates considerably from ideal square wave. 
—T. P. Sylvan, The Unijunction Transistor 
Characteristics and Applications, General Elec- 
tric, Syracuse, N.Y., No. 90.10, 1965, p 51. 
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Aim 


Vw 
TRIGGER 
INPUT 


am) 


2 pF 
fe 16 ms >| 
OUTPUT 
FO??? 19K SS uF 
{—+- +(--++ 
tk 
FD777 
FO?777 ox * 200 pF 
{00 k 
+ FO7?7 


CONTROLLED BIPOLAR—Positive trigger input 
gives negative output pulse, while negative 
trigger gives positive pulse. Durations of 


3OkN 


2000pF 2700n 16 mS 


ike 2yS 


OUTPUT 


FO???) (OK 


FO777 10 kA 


10 pF 100 kf 
sy + HP5082-2800 


TRIGGER 
INPUT 


SEQUENTIAL BIPOLAR—Generates 2-us nega- 
tive pulse followed by 16-ms positive pulse, 
each time circuit is triggered. Will trigger 
as often as once every 20 ms. Output ampli- 
tudes are —7 and +7 V. Duration of each 
pulse is independently adjustable over wide 
range by changing circuit values.—G. T. Flynn, 
Sequential Bipolar Multivibrator, EEE, April 
1969, p 122-123. 


both pulses are independently odjustable.—G. 
T. Flynn, Sequential Bipolar Multivibrator, FEE, 
April 1969, p 122~123. 


FAST-RECOVERY ONE SHOT—Pulse width of 
four-transistof mvbr is determined by d-c 
voltage applied to base of Q4.—G. Marosi, 
Four-Transistor Monostable Multi Shortens Re- 
covery Time, Electronic Design, Aug. 17, 1964, 
p 201~202, 
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~24V 


VARIABLE WIDTH AND DUTY CYCLE—Isolating 
Cc and dividing timing resistor of astable mosfet 
mvbr into two controls gives independent 
a : 92 trol ul idth and duty cycle, to 
HRN8318D HRN8318D control over pulse wi y cycle, 
form basis for highly flexible pulse generator. 
~C. R. Perkins, “Application of MOSFET De- 
vices to Electronic Circuits,’ Hughes, Newport 
Beach, Cal., 1968, p 24. 


R3 
470 


QUTPUT 
TWO PULSES PER TRIGGER—Pulse durotion and 
interval are independently adjustable. Per-~ 
formance is equivalent to that of three one- 


shots.—D. R. Hoppe, Two-Pulse Monostable, 
FEE, May 1967, p 84. 
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BASIC MULTIVIBRATOR 


NORMAL OUTPUT INVERTED OUTPUT 


=r 


Q3 
2N5172 


Ql 
2NS172 


0.1-HZ WITH OUTPUT AMPLIFIERS~Addition 
of amplifier stages Q3 and @4 to single- 
capacitor low-frequency programmable-ujt 
mvbr increases load capability and gives 
choice of positive or negative output pulses.— 
R. Muth, Eliminate a Capacitor in Low. 
Frequency Multivibrators, EDN, Dec. T, 1969, 
p 61-62. 


Q4 
2N5172 


INPUT 
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C7884 
po) 
0 
IN658 
56 (Sk 3k 


FAST-RECOVERY ONE-SHOT—Simple modifica~ 
tion (dashed rectangle) cuts recovery time to 
50 ns, as compared to about 6 us for basic 
one-shot, Modification also improves output 
waveform and reduces dynamic output im- 
pedance.—M. Felcheck and W. Kirschner, Im- 
proved One-Shot with Fast Recovery, EEE, Oct. 
1967, p 142-143, 


TRIGGER INPUT 


Vec* Vo 
+18V +18V +6V 


20pt Dy 


ALL DIODES IN3069 
Vecz IBV Vg 
-18V -6V 
REGENERATIVE SHARPENING OF RISE TIME— 
Complementary transistors, connected as 
shown, speed transition time of monostable 
mvbr enough to make it indistinguishable 
from 40-ns rise and fall times of transistors 
themselves. Pulse repetition frequency is 
960 kHz with values shown.—G. Klein, Mono- 
stable Multivibrator Has a Sharp Rise Time, 
Electronic Design, Feb. 17, 1964, p 88-89. 


DOUBLER FOR MVBR-—-Circuit in dashed rec» 
tangle doubles output frequency of astable 
mvbr Q1—Q2 to extend operating range. 
May also be used with most other relaxation 
oscillators. Wiht values shown, output fre- 
quency is 5.5 MHz, pulse width 86 ns, rise 
time 15 ns, and fall time 5 ns.—D. R. Hoppe, 
Frequency Doubler for Relaxation Oscillators, 
EEE, Feb, 1967, p 147-148. 
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+9 TO +12V 


ALL DIODES~ 15940 
Q1,Q2~ 2N5305 DARLINGTON PAIR OR TWO 2N3705 


140—1,400 HZ ASTABLE—Wide frequency range 
is achieved simply by adding DI, D2, and R 
to standard mvbr. Mark«space ratio is con« 
stant. Range shown for R covers entire fre- 
quency range of mvbr.—S. H. Dolding, 3 Extra 
Parts Give Astable Multi a Wide Frequency 
Range, Electronic Design, July 5, 1969, p 82 
and 84, 


(2N708) 


ZENER BLOCKS STRAY PULSES—Zener D2 acts 
with three conventional diodes in mvbr to 
block pulses from power supply and induc- 
tive load, and thereby prevent premature 
triggering.—R. Ilic, Diodes Provide Noise Im- 
munity for Monostable Multivibrators, Efec- 
tronics, Jan. 9, 1967, p 106—107. 
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TRIGGERABLE-ANYTIME MONO-—Consists of 
modified Schmitt trigger and one additional 
stage that performs function of mono without 
having its drawback of ignoring input triggers 
during output pulse. Circuit may be retrig« 
gered at any time from any number of 
sources. Triggers occurring during output 
pulse simply resaturate first transistor, dis- 
charging 0.1-4F capacitor to negative supply 
voltage and initiating normal pulse period. 
Values shown give 5-ms pulse width.—B. 
Pearl, A Retriggerable Pseudo-Mono, EEE, Dec. 


1966, p 78-79. 
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HYBRID ONE-SHOT—With basic circuit shown, 
all voltages return to initial values at end of 
timing cycle, so timing period is independent 
of trigger rate and duty cycle.—T. P. Sylvan, 
The Unijunction Transistor Characteristics and 
Applications, General Electric, Syracuse, N.Y., 
No. 90.10, 1965, p 55. 


Rz 
47k 


“ie 


“Wee 


SYMMETRICAL 
OUTPUT 


SYMMETRICAL A-C OQUTPUT—Addition of Q3 
to keyed mvbr eliminates d-c level shift of 
output that would cause severe distortion in 
a-c coupled load. Another advantage is that 
circuit starts instantly with full-width first 
pulse. Astable mvbr Q1-Q2 is keyed hy 
switching charging voltage of C2. Mvbr os- 
cillates at about 3 kHz for +4 V gate input, 
and is turned off when gate is below 1 V.— 
M. Converse, Keyed Multivibrator Produces 
Symmetrical A-C Output, FEE, Nov. 1968, p 
141. 


+10v 


OUTPUT 


AUTOMATIC. 
MANUAL 


+10¥ 
100k 


N.C. 


s,| microswitcH 00 ef 
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ASTABLE-MONO SWITCH—With $2 in auto- 
matic position, circuit runs as unsymmetrical 
astable mvbr generating 1.5-us pulses at 150- 
kHz repetition rate, for testing counter and 
logic circuits at high switching speeds. 
Manual position gives one-shot action.—D. 
Haggen, Switch Converts Multivibrator from 
Astable to One-Shot, Electronics, Nov. 28, 
1966, p 80. 
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TRIGGER IN ot (eo) 


+41,3V 


CURRENT-MODE MONO--Maximum repetition 
rate is 1MHz. Timing interval or delay in 
returning from quasi-stable to steady state is 
almost comparable to recovery time of capac- 
itor.—“High Speed Switching Transistor Hand- 
boak,” Motorola, Phoenix, Ariz., 1969, p 280. 
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FAIRCHILD 
Ful 91429 
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nee 


TRIGGER 
INPUT 
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SUPPLY} 


WIDE-RANGE ONE-SHOT—Combining two 
cross-coupled NAND gates with ujt gives 
stable, wide-range one-shot mvbr having 
complementary outputs, with delays of 100 
ms to 20 s, in minimum space.—A, C. Ward, 
NAND Gates and UJT Form Stable Hybrid 
Monostable Multi, Electronic Design, April 26, 
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1965, p 45~46, 


VERSATILE MVBR CONTROL—Constant-current 
transistors Q3 and Q3’ control frequency of 
mvbr Q1-Q2 by controlling charging current 
through cross-coupling capacitors Ci and C2. 
This charging current is, in turn, determined 
by input voltage on Q4 acting as voltage- 
variable resistor. Circuit works equally well 
for sine, sawtooth, or square-wave modula- 
tion on Q4, For d-c control, C3 is shorted 
and R2, R3, and R4 adjusted so Q4 is off 
when input is zero. With values shown, 
maximum linear swing of 20 kHz is obtained 
for 100-kHz output carrier.—D, H. Reese, Jr., 
Varying Capacitor Charge-Up Controls Multi« 
vibrator’s Range, Efectranics, Dec. 25, 1967, 
p 69. 


SINGLE-UJT MVBR—~Frequency is about 1 kHz. 
Article gives equations for calculating times 
for the two periods shown in waveforms.— 
T. P. Sylvan, The Unijunction Transistor Char- 
acteristics and Applications, General Electric, 
Syracuse, N.Y,, No. 90.10, 1965, p 74, 
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200-300 KHZ TUNABLE—Frequency is changed 


with 500-ohm pot. Base bias is obtained 
through diode network to ensure reliable 
starting. —-M, W. Egerton, Tunable Multivi- 
brator Starts Reliably, “400 Ideas for Design 
Selected from Electronic Design,” Hayden Book 
Co,, N.Y., 1964, p 184, 


+20V 
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+10V 
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© 
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(nee, J 
O16 gE 
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EMITTER-COUPLED MONO-—Delivers 500-mA 
output pulse having duration of 1.25 us. 
Transistors are BFY50, and diode is AAZ12.— 
Applications of the BFY50, BFY51 and BFY52, 
Philips, Pub. Dept., Elcoma Div.,, Eindhoven, 
The Netherlands, No. 428, 1965. 


Q3 
2N3250 
NEG TRIG tL 
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a tet 
120k | ciRcUIT SSHF 
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TRIG O- 
fell 
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ONE-SHOT SWITCH—Three-transistor equiva-~ 
lent of scr applies power to d-c load when 
triggered by either positive or negative pulse. 
Circuit draws negligible standby current. Ar- 
ticle gives equation for determining time 
load current is cut off.—D. Bron, Three-Tran- 
sistor Circuit Functions as a One-Shot SCR, 
Electronic Design, March 1, 1970, p 81—83. 


INTEGRATED 
FLIP FLOP 


1]}-6 


FREE-RUNNING IC FLIP-FLOP—Only five exter- 
nal components are needed to convert stand~ 
ard Fairchild or Amelco IC flip-flop to 
astable or free-running mvbr. R3 makes cir- 
cuit self-starting. Article gives frequency 
equation.—G, Demjanenko, External Connec 
tion Converts Integrated Flip-Flop To Mono~ 
stable, Electronic Design, Aug. 17, 1964, p. 
198200. 
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-6v 


GERMANIUM) 


R7 


t 
DIODE) 


Miele en i) eee 4 MULTI-INPUT ASTABLE 1C—Components out- 
BACKWARD MONO—Changing capacitively side dashed box are on Motorola MC301 IC 
coupled input of conventional monostable having emitter-coupled logic. Connection 
mvbr to direct coupling permits selecting one shown gives gated astable mvbr in which fre- 
pulse from series of pulses, providing signal quency is determined by values of components 
whenever pulse is missing from pulse train, and supply voltage V. Oscillations stop when 
and indicating null in servo system. Article any one of the four input levels is high. 
describes each application in detail, with Features include fast operation, externally 
waveforms. Cost of parts is only a few controlled repetition rate, and multi-input 

start-stop control of operation.—A, , Tojo, 


dolfars, even for 0.1-us rise and fall times.— : a4 " 
R. A. Karlin, The Backward Monostable: A High Speed Multivibrator Controlled By Single 
Time-Delay Switch, Electronic Design, Jan. 4, ECL, Electronics, Sept. 18, 1967, p 109—110. 


1965, p 58-61. 


424 +24v 


| | 0.001 pf $65000 


+24y 


+5y 


WIDER PULSES FASTER—~Two extra diodes in Q1 is off and Q3 and @4 conduct heavily. | Pulse width is then determined only by values 
With triggering, voltage across Dt and D2 of Cl and current 1).—A, J. Metz, Two Diodes 
Remove Pulse-Width Limitation, Electronics, 


mvbr using Darlington Q3-Q4 give high noise 
immunity and fast recovery time without lim- falls below zener voltage and high resistance 
iting width of output pulse, In stable state, of D1 has effect of opening this diode path. dune 12, 1967, p 105. 


470 ELECTRONIC CIRCUITS MANUAL 


COMMERCIAL MONO—Input pulse of correct 
polarity and amplitude will make OFF tran- 
sistor turn on and remain in this unstable 


state for period of time determined largely 3.3k 


by value of CT. Circuit was developed by 
General Electric Co.—A. C. Gillie, “Pulse and 
Logic Circuits,“ McGraw-Hill, N.Y., 1968, p 
220. 


+10VO 


TRIGGER 
INPUT 


100-HZ SQUARE-WAVE OPAMP—Uses Model 
4009 d-c opamp with only four external com- 
ponents. Positive feedback loop sets trigger 
threshold level of opamp, while R-C time 
constant in negative feedback loop sets charg- 
ing time constant. Varying negative feed- 
back resistor gives wide range of frequencies. 
—B. J, Losmandy, Operational Amplifier Appli- 
cations for Audio Systems, Opamp Labs, Los 
Angeles, Cal., 1968, 


Cr 
Output 


2N396A 


2N396A 


FAST-RECOVERY ONE-SHOT—Provides  ex- 
tremely wide range of duty cycles, good tim- 
ing stability, and clean waveforms while using 
only low-cost components. Circuit can be 
2N2646 —retriggered immediately after completing tim- 
ing cycle, without loss of timing accuracy.— 
“Unijunction Circuit Hints,” General Electric, 
Syracuse, N.Y., Fig. 5. 


IN4156 


z 500K 3 270 


Ta aniene 


UJT-CONTROLLED MVBR—Ujt stabilizes operat- 
ing frequency, making mvbr produce good 


1-Hz square waves despite changes in supply voltage and 


o+l2V 


12k 


2N3860 


ambient ftemperature.—D, V. 


Jones, Semiconductor Timers and Low Fre« 
quency Oscillators, General Electric, Syracuse, 
N.Y., No. 671.3, 1966, p 16. 
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24vd-¢ 


TRIGGER INPUT - 


WIDER PULSES—By adjusting capacitor charg- 
ing voltage as well as RC time constant in 
monostable mvbr, range of variation in 
output pulse width can be greater than 
1,000;1. RI adjusts charging voltage and R2 
adjusts time constant.—P, Schiff, Voltage Ad- 


+100V O 


V1 
55$725 CO) 
x2 


FREQUENCY 
CONTROL 


CATHODE-COUPLED ASTABLE NEON—600-Hz 
fundamental frequency is available, as well 
as alternate waveform at 71,200 Hz. Ampli- 
tudes of high-frequency signal are equal only 
on alternate cycles.-W. G. Miller, “Using and 


atl 


Understanding Miniature Neon Lamps,” H. W. 


justment Extends Multivibrator’s Pulse Width, 
Sams & Co,, Indianapolis, Ind., 1969, p 46. 


Flectronics, Sept. 30, 1968, p 82-83, 


CONSTANT PULSE WIPTH—Combining three 
NAND gates as shown gives fast monostable 
mvbr in which width of output pulse is inde- 
pendent of supply voltage and input pulse 
width. With 4 V for 1 fevel and less than 
0.45 V for 0 level, period of monostable is 


sat 


1.4 RC, To avoid gate overload, R should 
OUTPUT OUTPUT be below 220 ohms.—P. Sandiand, Integrated 
SL Gates Form Fast Monostable Muftivibrator, 
Electronics, June 26, 1967, p 108-109. 
X,Yand Z are 3 of the 
4 gates of a Sylvania $G223 
+6V ~18V 


+6V 
e) 


1-MHZ BISTABLE—Can be used for generating 
binary outputs for computer applications, or 
as electronic switch. Circuit is in stable state 
when either transistor is conducting and other 
transistor is cut off. States are switched each 
time positive trigger pulse is applied to input 
terminal at bottom center. Output, which 
may be taken from either stage, or both, is 
unit step voltage for single trigger and square 
wave for continuous periodic triggering of 
input. Frequency division of 2:1 is thereby 
obtained. Values: RI, R&S S.1K; R2, R7 1.2K; 
R3, R6 11K; R4, RS 2.7K; Cl, C3 180 pF; C2, 
C4 430 pE.—"Transister Manual,” RCA, Harri- oy Co 
son, N.J., SC-13, p 534. 


“o" OUTPUT 


TYPE 
INI26 
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SWITCHING BY SUPPLY VOLTAGE CHANGE— 
Insertion of zener in one coupling arm of bi= 
stable mvbr gives switching simply by chang- 
ing d-c supply voltage. Can be used in 
overvoltage alarms, trigger circuits, and pro- 
tective circuits—A. R. Hayes, Multivibrator 
Switches With Supply Voltage Change, Elec- 
tronic Design, April 13, 1964, p 74—75. 


GATE PREVENTS TURN-ON STALL—Use of AND- 
gate starter (dashed rectangle) with symmet- 
I rical free-running mvbr provides protection 
1 from stalling at turn-on, without interfering 
with normal balanced operation.—M, T. Pett, 
| Starter Circuit Prevents Stall of Free-Running 
Multi, “400 Ideas for Design Selected from 
\ Electronic Design,” Hayden Book Co., N.Y., 


CURRENT 


GENERATOR USGA pS: 
+15) 
| 
' 
L STARTER CIRCUIT | INPUT +6 
aaa ene resco oe n 
COLLECTOR 
a ae ETA 
So 
BASE -t2~ T=O.7RCy Ro 
FREQUENCY CONTROL COLLECTOR OUTPUT 
CIRCUIT Qed —g 
~5V TO +5V 
OUTPUT 12k 
T= 0.7 (RytRelCy 
IMMEDIATE RETRIGGERING—Modification of 
single-shot mvbr gives timing capacitor Cl 
extra job of setting up circuit to receive next 
trigger pulse instantly, by reducing recovery 56k Q, 
time of circuit to zero. Duty cycle thus be- {OOpf 1N914 aN (06 
comes essentially 100%. Values of RI, R2, — 
and Cl are selected to give desired output |[NPUT 
pulse width.—J. L. Shagena and A, Mall, 
Single-Shot Multivibrator Has Zero Recovery 
Time, Electronics, Nov. 27, 1967, p 83. 
~6 VOLTS 
+1ev 
INPU IN4148 
AL 7 OUTPUT 
1800pf WW 
1N4148 
2N1613 
= tive or negative pulses. Addition of Q3 con- output pulse.—W. Muller, Positive or Negative 


BIPOLAR ONE-SHOT—Use of complementary verts circuit to monostable mvbr, for which Pulses Trigger One-Shot Multivibrator, Elec- 
transistors permits triggering by either posi- single rectangular input pulse gives double tronics, Aug. 18, 1969, p.94. 


OUT O 


NOTE: 


DIODES ARE IN662 


MULTIVIBRATOR CIRCUITS 


OPTIMUM ASTABLE DESIGN WITH GRAPHS— 
Article contains design equatisns, graphs, 
and step-by-step procedure for optimizing 
ten design criteria for generating square-wave 
or unsymmetrical pulses with fastest possible 
rise time. Circuit shown is worked out as 
example, for 100-kHz pulses with width of 1 
yus.—C. W. Davis, Plotting Produces Total 
Astable Design, Electronic Design, Sept. 13, 
1965, p 60-63, 


+3,6VDC 


2N2635 


EIGHT TRANSISTORS GIVE WIDE RANGE— 
Additional transistors prevent locking of con- 
ventional mvbr into stable state, to give fre- 


quency range from 8 kHz to 3 MHz. 


OUTPUT 


Article 


Ve 
9 (+6 VOC) 


75-S ONE-SHOT FOR $3.50—Long-duration 
one-shot uses low-cost components, including 
dual-gate IC. Operates on supply as low 
as 2,6 V d-c, Input and output levels are 
compatible with standard micrologic.—R. W. 
Walton, Long-Duration One-Shot Uses Inte- 
grated Circuit, FEE, Oct. 1966, p 140. 


tells how circuit works.—A. Marosi, Wide- 
Range Multivibrator Varies Frequency from 8 
Ke to 3 Me, Electronic Design, April 12, 1965, 


p 50. 
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50 


OAS 
(1N270) 


OA85 
(1N270) 


OA8S 
(1N270} 


AJ 0c72 


(2N708) (2N708) 


SIMILAR U.S. DEVICES 


SHOWN IN PARENTHESIS. +4y 


DIODES BLOCK STRAY PULSES—Arrangement 
prevents relay or other inductive load from 
affecting stability of mbvr, and at same time 
provides immunity to pulses coming from 
common power supply.—R. tlic, Diodes Provide 
Noise Immunity for Monostable Multivibrators, 
Electronics, Jan. 9, 1967, p 106-107. 
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se 
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+Vz5 =10V 


820 


OUTPUT 


TRIGGER 


INPUT 2NI306 


~V=lov NOTE: IN@468=5V 


ZENER STABILIZES DELAY—Use of zener D1 
across timing capacitor makes time delay 
independent of whether mono mvbr_ is 
triggered by random pulse pattern or by 
first pulse in burst of uniformly spaced pulses. 
Article tells how zener changes time delay 
equation.—G. Carsner, Zener Diode Stabilizes 
Monostabie Delay Time, Electronic Design, Dec, 
21, 1964, p 59~60. 


ANODE OF Q2 


Qi COLLECTOR 


Q? EMITTER 


C) + 10V 


Qi 
2N5172 : 
1 2F, “MYLAR R6 
680 ka 
0.1-HZ PROGRAMMABLE UJT—Requires only 4 
one large and expensive film capacitor for of Cl changes duration of OFF period. Load ~ Capacitor in Low-Frequency Multivibrators, 


operation well below 1 Hz. Changing value must be at least 50K.—R. Muth, Eliminate a EDN, Dec. 1, 1969, p 61~62, 
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VOLTAGE-DIVIDER ASTABLE—Uses voltage di- 
vider in bias network. Frequency of opera- 
tion is approximately equal to 1,000,000 di- 
vided by (0,025C + 2.5), where C is value of 
cross-coupling capacitor in pF, or about 375 
kHz for values shown.—A. C, Gillie, ‘Pulse 
and Logic Circuits,” McGraw-Hill, N.Y., 1968, 
p 213, 


BASIC MONO—Also called one-shot or delay 
flop. Has one stable state, and one quasi- 
stable state into which it must be triggered, 
returning to stable state after given relaxation 
or delay time. Book gives procedure for 
calculating values of components.—"High- 
Speed Switching Transistor Handbook,” Moto- 
rola, Phoenix, Ariz., 1969, p 235, 


y 
“of L 
0 
Ry 
2N834¢" 6002 
p (CLAMPED) 
R= RLR 
T _P_S __ (UNCLAMPED) 
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360-KHZ ASTABLE-BISTABLE—Addition of gat- 
ing transistors Q3-Q4 to feedback paths of 
basic astable mvbr gives bistable operation. 
Circvit is free-running up to 360 kHz for 
fixed input, or changes state in binary fashion 
when input is pulsed.—T. Saunders, Modified 
Astable Multivibrator Also Operates in Bi- 
stable Mode, Electronic Design, Dec. 20, 1965, 
p 48—49, 


LOW-COST ASTABLE—Provides periods of 0.5 


to 1 s. Upper 16U1 dvual-diode assures 
startup by preventing lockup due to saturation 
of both transistors. Lower dual-diode pro-~ 
tects transistors.—D. V. Jones, Semiconductor 
Timers and Low Frequency Oscillators, Gen~ 
eral Electric, Syracuse, N.Y., No. 671.3, 1966, 
p 16, 
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2N3568 = 
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mn TIMING CIRCUITRY l 


0.5—10 HZ WITH NOISE IMMUNITY—Shockley 
pnpn diede connected as free-running mvbr is 
unoffected by radiated noise of relays and 
other devices. Used to drive stepper relays 
at rate determined by setting of pot. Zener 
regulator prevents supply voltage changes 
from affecting frequency.—M. E. T. Swinnen, 
Multivibrator Immune to Radiated Noise, 
Electronic Design, Dec. 7, 1964, p 71—73. 
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FAST-RECOVERY ONE-SHOT—At rest, QI and 


p= --4 
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ZENER 
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cuit returns to original state. 


For 0.01 pF, 
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FALSE TRIGGERING—Current source isolates 
line noise from timing circuitry of one-shot 
mvbr, to prevent false triggering by line noise 
when using long time constants. QI and 
capacitor C provide required isolation. RT 
should be much larger than R, with 10K as 
minimum; this means that minimum pulse 
With 10 meg for 
RT and 330 yF for CT, time duration is 1 hr.— 
G. 4. Schaffer, Current Source Improves Im- 
munity of One-Shot, FEE, March 1969, p 126 


} 
1 | 
'2N3645 OUTPUT 
| \ ma 
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[0 2 | 
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Ro S75K Rss S 680K 


ok ALL LAMPS 5AB -B 


MONOSTABLE NEON—V1 is normally on but 
is extinguished by 24-V input pulse which 
permits V2 to ignite. However, voltage 
across 100K resistor is not sufficient to keep 
VI from firing, so circuit returns to stable 


Q2 are ON, Q2 is OFF, and output is at 
ground, Positive input pulse changes all 
transistors, driving output to about 3 V posi- 
tive. Value of coupling capacitor C2, acting 
with R2, determines holding time before cir- 


output pulse is about 280 ys. Pulse width 
remains constant for duty cycles well above 
90%.—D. Colin, Monostable Configuration 
Provides Unusually Fast Recovery Time, Elec- 
tronic Design, Aug. 3, 1964, p 43. 


state. Time V2 is on depends on time con- 
stant of 0.5-uF capacitor and two anode 
resistors.—W. G. Miller, “Using and Under~ 
standing Miniature Neon Lamps,“ H. W. 
Sams & Co., Indianapolis, Ind., 1969, p 50. 
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TRIGGER 
INPUT 
3.3K 


TRANSISTOR SPEEDS CAPACITOR DISCHARGE 
—Addition of Q3 to monostable mvbr pro- 
vides regenerative discharging of timing ca- 
pacitor at end of pulse period. Circuit has 
given fall times as short as 0.1 j4s on pulse 
widths of 1 ws to 15 ms.—R. W. Allington, 
Extra Transistor Reduces Turn-Off Time in One- 
Shot Multi, “400 Ideas for Design Selected 
from Electronic Design,’ Hayden Book Co., 
N. Y., 1964, p 69. 


POSITIVE STARTING—Simple modification of 
standard mvbr, to prevent transistors from 
saturating, insures oscillation by precluding 
existence of stable state in which both tran- 
sistors afe on. Values shown give 100-kHz 
operation over wide temperature range.—N. 
©. Sokal, Free-Running Multi Has Sure-Fire 
Starting, Electronic Design, Jan. 6, 1964, p BO. 


ZERO QUIESCENT POWER—When monostable 
INPUT mvbr is switched fo its OFF condition, both 
transistors are nonconducting and no power 


whatsoever is drawn from supply, Circuit 
© produces pulse widths ranging from several 


microseconds 


to several milliseconds. Both 


input and output are compatible with DTL or 
TTL devices.—M. Steele, Monostable Conserves 


oP Send Se BS: Power, EDN, Dec. 15, 1969, p 61. 
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LINEAR PULSE WIDTH CONTROL—Monostable 
mvbr provides output pulse whose width 
varies linearily with respect to control voltage 
of 0-25 V dec applied to base of Q4. Article 
gives equation for period of one-shot. Oper- 
ation depends on use of emitter-follower con- 
stant-current generator. Pulse width range 
is about 3 to 80 us.—R. S. Hughes, Pulse 
Width vs. Control Voltage Made Linear by 
Generator, Electronic Design, Dec. 21, 1964, p 


2N706H 


56-58. 


ONE-SHOT WITH 200-NS RECOVERY—Devel- 
oped for computer and communications appli- 
cations having very high pulse repetition rate. 
Has been used as pulse-averaging discrimina- 
tor in f-m system having 200-kHz deviation 


of 1-MHz carrier. 


800Hz 


800-HZ ASTABLE NEON—Offers three sym- 
metrical waveshapes by tapping circuit at 
different points. Square wave at B has 10- 
ws rise time, and top may be made flat by 
using diode clipper.—W. G. Miller, “Using and 
Understanding Miniature Neon Lamps,” H. 
W. Sams & Co., Indianapolis, Ind., 1969, p 45. 


18y 


OUTPUT 


{Input at point X clamps time. Pulse width generated is 600 ns.—J. J. 


output to positive supply voltage for dura- 
tion of pulse. Discharging Cl through low- 
impedance path D1-Q4 gives short recovery 


Moran and R. M. Gloriosco, Narrow-Pulse 
One-Shot Recovers Quickly, Electronics, Jan. 
9, 1967, p 107. 
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IMPROVED TRIGGERING OF MONO-Shoping 
of input trigger pulses by differentiating cir- 
cuit Cl-Rd makes performance of emitter- 
coupled mono more reliable, Will trigger 
reliably with pulses above 3.9 V for all values 
of d-c control voltage between 1.1 and 1.8 V, 
with this controlled range making output 
pulse duration vary between 1.1 and 8.35 ms. 
Recovery time is about 1.7 ms.—A. J, Duelm, Ik 
Wiring Modification Improves Voltage Vari- % 
able Delay Circuit, Electronic Design, Feb. 15, Su 
1970, p 82 and 84. 


TRIGGER SQURCE 


+14V +5V +5V 
o 


RANDOM 
NEGATIVE- 
GOING 
OUT PULSE 


| 


NOISE-TRIGGERED RANDOM PULSES—Provides 
random pulse spacings ranging from tens of 
microseconds to milliseconds, for TTL logic- 
level pulse generator, Uses Schauer $Z9.1 
zener with Q1 as broad-spectrum noise gener- 
ator. @Q2 is biased so only higher-level noise 
spikes drive it to saturation and trigger IC 
mono mvbr. Varying noise generator supply 
voltage changes output rate.—R. J, Krusberg, 
Noise Spikes Trigger Random-Pulse Generator, 
Electronic Design, June 7, 1970, p 102. 


-24V (Voc) 


(-)6V (Vx) 


Vee = SVOLTS 


OUTPUT 
O+ 


2N3643 
Q2 


FAST-RISE MONO—Gives essentially square- 
wave output pulses with rise time of I ns, 
fall time of 2 ns, and duration from 12 ns 
to several ys. Will produce 12-ns pulses re- 
liably at repetition rate of 20 MHZ.—High 
Speed Switching Transistor Handbook,” Moto- 
rola, Phoenix, Ariz., 1969, p 302. 
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COMMON-EMITTER MONO—Resistor in com- 
mon-emitter_ circuit is connected as shown, 
with base current supplied to one side, Cur- 
rent through RB holds D1 conducting and 
keeps Q2 on until Q1 is triggered. Recovery 
of circuit is rapid, permitting duty cycle as 
high as 80%, Circuit is sensitive to small 
trigger signals but insensitive to their level, 


(+)24V (Vey) 


so noise is not a problem,—“High Speed 
Switching Transistor Handbook,” Motorola, 
Phoenix, Ariz., 1969, p 281. 


ON AND OFF—Both ujt’s of mvbr are nor- 
mally off. Input ujt Q1 provides rectangular 
pulse when positive input signal of suffi- 
ciently high level arrives, causing Q2 and Q3 
to fire in sequence, after which circuit re- 
turns to rest. Will handle repetition rates 
up to 126 pps. Input must be at least 4.5-V 
Positive-going pulse or 3-V rms sine-wave 
signal.—Ujt Monocycle Multivibrator, Flec- 
tronics World, April 1969, p 61. 
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+15v 


6-MIN PERIOD—Two 2N3436 fet’s are con- 
nected as source followers, with two npn tran- 
sistors serving as switches, Action is similar 
to that of ordinary mvbr and is self-starting. 
When Cl and C2 are 4 uF, rheostats con vary 
period over range from 8 ms to 6 min, With 
100 pF, frequency range becomes 100 Hz to 
3 MHz. Stability is good with long time 
constants because large electrolytics are not 
used.—G, Hanus and Y. Martinez, Stable Low 
Frequencies with FET-Bipolar Pairs, Electron- 
ies, Jan. 9, 1967, p 105. 


Cy 
ZF ooze ae 


VARIABLE DUTY CYCLE—Switching of diode 
between two timing networks gives ratio of 


up to 500 to 1 between on and off times of MAKING IC FLIP-FLOP GO MONO—Only two 
unsymmetrical free-running =mvbr, With external components are needed to convert 
values shown, frequency is 600 Hz, rise time standard Fairchild or Amelco IC flip-flop for 
0.3 us and fall time 4 us. Article gives de- operation as monostable (one-shot) mvbr. 
sign equations. Supply voltage can drop Width of one-shot pulse in seconds is equal 
50% without affecting frequency.—L. Blaser, to 0.37 RICI, where RI is in ohms and Cl in 
Waveform Generation Eased By Two Timing farads. For values shown, width is 18 ms.— 
Networks, Electronics, Sept. 18, 1967, p 110— G. Demjanenko, External Connection Converts 
Wi. 


Integrated Flip-Flop To Monostable, Electranic 
Design, Aug. 17, 1964, p 198~200. 


+18y 


STABILIZING WITH DIQDES~Compensating 
diodes D are added to astable mvbr to nullify 
transistor changes that cause frequency shifts 
in square-wave output. Article gives design 


equations, If used with highly stable power 
supply, temperature change from —10 to 90 
27k C shifts output of 1-MHz mvbr only 10 Hz.— 
J. Teixeira, Diodes In a Multivibrator Lessen 
Frequency Variations, Electronics, July 8, 1968, 
p 93~94, 
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oV=i4 VOLTS 


TWO-SUS ONE-SHOT—With silicon unilateral 
switches, circuit is capable of handling duty 
cycles above 85%. Requires positive-going 
switching voltage of 8 V applied to one sus 
to turn it on, Succeeding positive pulses then 
have no effect, but first negative-going pulse 
will turn on other sus and turn off the one that 
was conducting. After supply voltage is ap-~ 
plied, sus having lowest switching voltage will 
he first to turn on. DY and D2 are DI3P) 
sus switches.—W, R. Spofford, Jr., Applications 
of the New Silicon Bilateral Switch and the 
Silicon Unilateral Switch, General Electric, 
Syracuse, N.Y., No. 671.3, 1966, p 4. 


30-NS PULSE WIDTH FROM ONE-SHOT—Im- 
proved input trigger circuit permits generation 
of extremely fast pulses with width independ- 
ent of trigger duration and amplitude. Re- 
quires negative trigger.—D. R. Hoppe, High 
Speed Saturated-Mode One-Shot, EEE, May 
1968, p 122-123. 


O +12V 


25140 75140 
: O+4- 

FAST MONO—Designed as part of generator O+45V a, 
for producing pulses continuously variable in 
width down to 100 ns. Report gives design Ro 
procedure. Value of CT is chosen to give 4.1K 
desired width, Maximum repetition rate is Cr 
5 MHz, rise time is 5 ns, and fall time is 10 
ns.—“E-Line Transistor Applications,” Ferranti 
ltd., Oldham, Lanes., England, 1969, p 17. 


33pF 


TRi, TRa, ZTX312 as 
(BSV25) 


25140 


3-9K 


i5pF 


o—} (yy tA a 
VISSER = 1Tx3i2 we ZTX3i2 
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G,T0 Gy 
TRIGGER 
INPUT 


AVOIDING BOTH-ON CONDITION—Free-run- 
ning mvbr is designed to preclude situation 
where both transistors are on and saturated, 
as might occur if both halves of circuit are 
supply voltage 
comes on slowly. With transistors both in 
active region when on and with loop gain 
greater than one, circuit cannot exist stably 
with both transistors on.—N. O. Sokal, Trouble 
Spots in Circuits, Electronic Design, Nov. 9, 


well matched and power 


1964, p 32~37. 


800 pf 


| 


INPUT 
2.5 khz 
SINE WAVE 
Svpp 


ALL DIODES iN456 


TRIGGER INPUT 


‘ 


OUTPUT OF MONOSTABLE 1 WHEN MONOSTABLE 2 
; 1S NOT, TRIGGERED | 


| 
| 


t 
OUTPUT OF MONOSTABLE 2 WHEN TRIGGERED 
: Fs : 1 


t i 


OUTPUT OF MONOSTABLE 1 WHEN MONOSTABLE 2 


CASCADING ONE-SHOTS—Permits doubling 
pulse width for desired time interval. Ini- 
tially, Q1 and Q3 are on, and Q2 and Q4 are 
off. Switch one is open, so 2.5-kHz sine- 
wave input triggers first mono, To increase 


oscillation. 


1000 pf 


5 


IS TRIGGERED 


pulse width, S1 is momentarily closed to trig- 
ger second mono. Duration of this mono, 
0.7 x R3 x C2, determines how long wider 
pulses will be gated out. Output of mono 
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MULTI-INPUT MONO IC—Only five compo- 
nents, at right of dashed line, are needed 
with Motorola MC301 emitter-coupled logic 
IC to give monostable mvbr in which trigger 
signal at any one of the four inputs initiates 
Frequency 
motely by changing V.—T. Tojo, High Speed 
Multivibrator Controlled By Single ECL, Elec- 
fronics, Sept. 18, 1967, p 109-110. 


can be varied re- 


{2100 KC 


2.7k 


1 is at collector of Q2, and output of mono 
2 is at collector of Q3.—K. Vijaya Raghavan, 
Two One-Shots Control Waveform’s Pulse 
Width, Electronics, Jan. 6, 1969, p 93. 
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ZERO STANDBY POWER—One-shot draws no 
power from supply when in normal standby 
or OFF mode. When either dc level or pulse 
turns on scr, values of R1 and Cl determine 
how fong regenerative action is sustained 
before scr is turned off. With 10K and 10 
uF, ON time is 270 ms, while with 1K and 
1 uF, ON time is 5.5 ms, Article gives values 
for other times, along with design equations. 
~-A. L, Lew, Zero (Quiescent) Power One-Shot, 


483 


SCR-CR, 
2N886 


EEE, Dec. 1969, p 91. 


POSITIVE 
INPUT TRIGGER 


CIRCUIT STRAY 


CAPACITANCE 


T #25 psec 


INDUCTOR-CONTROLLED—Use of inductor in 
place of conventional capacitor for controlling 
timing gives rise and fall times limited only 
by transistor switching speed, Capacitor 
charging curve is eliminated from output 
waveform. Circuit is stall-proof if small 
amount of resistance is used in series with 
inductor to bias transistors into their linear 
region; for circuit shdwn, dec resistance of 
inductor was enough for this purpose.—R. J. 
Bouchard, Inductor Timing Improves Multivi- 
brator Action, Electronic Design, July 20, 
1964, p 78-80, 


22k 


Qs 


boc 


50 HZ TO 100 KHZ—High-gain Darlington 
transistors and quick-acting emitter-follower 
transistors broaden frequency range of free- 
running mvbr. Q3 and Q4 boost upper fre~ 
quency limit by discharging CY} and C2 faster. 


Q5 and Q6 act as current sources, making 
linear tuning possible over range of 1,000 to 
1 with 25K pot. When Cl and C2 are 250 
pF, frequency range is 50 Hz to 10@ kHz. 


For valtage-controlied oscillator, feed control 
voltage directly to bases of Q5 and Q6, 
Transistor types are not critical.—-F. B. Golden, 
Darlington Transistors Widen Multivibrator’s 
Range, Electronies, Nov. 25, 1968, p 82. 
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QUAD NAND GATE RUNS FREE—Low-cost mvbr 
is self-starting, with rise and fall times below 
50 ns, complementary outputs, and wide fre- 
quency range. C and R2 control-frequency, 
while R1 changes symmetry of output, With 
R1 and R2 both 510 ohms, output varies from 
200 Hz to several MHz when C is varied from 
10 4F to 100 pF.—O, Q. Flint, Jr., Free-Running 
Multivibrator Is Made with a NAND Gate, 
Electronics, Jan. 6, 1969, p 95—96. 


VO 


3.3K 


OUTPUT 
© 


2eni728 


eni728 

e; TYPE TYPE 

2NI481 2NI481 
7-KHZ ASTABLE—Provides square-wave output 
= with peak value equal to d-c supply voltage. 
20«KHZ INDUCTOR-CONTROLLED—Use of in+ Capacitors are 0.1 4F, R1 and R4 are 60 ohms, 
ductors in place of capacitors gives rise and and R2 and R3 are IK.—“Transistor Manual,’ 

fall times limited only by transistor switching RCA, Harrison, N.J., SC-13, p 533. 


speeds. Circuit is stall-proof.—R. J, Bouchard, 
Inductor Timing Improves Multivibrator Action, 
Electronic Design, July 20, 1964, p 78-80. 


ALL TRANSISTORS ARE 2N914 
ALL DIODES ARE SILICON 


FAST-RECOVERY ONE-SHOT—-Duty cycle above 
95% and fast recovery minimize false trig- 
gering by input pulse before completion of 
preceding output pulse. Speed is achieved 
by discharging timing capacitor through tran- 
sistor Q2 directly instead of through custo- 
mary transistor. Output pulse width is 100 is insensitive to input variations except for Shot Recovers Fast, Electronics, March 31, 
ns, Once timed interval has started, circuit about 10 ns.—J. H. Williams, Full Duty Single 1969, p 89. 
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D-C COUPLING WITH DIODES—Multi-pellet 
diodes provide d-c level-shifting to give de- 
sired output voltage swing in astable mvbr. 
Operation is stable from several Hz fo about 
10 MHz. Only one capacitor is needed. 
Rise time is about 5 ns.—Silicon Multi-Pellet 
Diodes MPD200/MPD300/MPD400, General 
Electric, Syracuse, N.Y., No. 75.42, 1966. 


O 
OUTPUT A 


Cy 


TRIGGER —-{00PF 


+ 


BASIC MONO—Minimum output pulse width 


is 1 us. Report gives design procedure. 


drawback is slow positive edge of output 
pulse from TR2, occurring because CT must 


MPD 300 MPO 300 


2N3663 


IC MONO—Uses Philips TAA241 difference 
amplifier as monostable mvbr that is saturated 
in its quiescent state and then has output of 
+10 V. Negative-going trigger makes out- 
put switch to new value of about —5 V. RI 
is 8.2K, R2 and R3 are 100K, C} is 10 nF, and 
C2 is 4.7 nF. With these values, pulse time 
is 175 ys, rise time 0.35 ps, fall time 0.7 ps, 
and delay time 0.3 ys.—J. Cohen and J. 
Oosterling, Applications of a Practical D, C. 
Difference Amplifier, Philips, Pub, Dept., El- 
coma Div., Eindhoven, The Netherlands, No. 
321, 1968. 


O+4-5V 


QUTPUT B 
O 


TR2 
ZTX300 


00 


recharge through R3. Report shows how to 
overcome this with diode from CT to output. 
—E-Line Transistor Applications,” Ferranti 
Ltd., OJdham, Lancs., England, 1969, p 14. 
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27k 


w= BLL 


TAA293 
5 a Be 392 


ASTABLE FROM IC AMPLIFIER—Uses Philips 
TAA293 general-purpose amplifier. Value of 
C determines. period; 10 nF gives about 16 ys 
with highsto-low ratio of 0.6. Period for 
other values of C is in direct proportion to 
C down to 2 ys.—The ‘TAA293 as a Schmitt 12482 
Trigger and Multivibrator, Philips, Pub, Dept., 
Elcoma Div., Eindhoven, The Netherlands, No. 
25, 1968. 


+8V 


SIMPLIFIED ONE-SHOT—Complementary tran- 
sistors give simplified design, with negligibly 
small quiescent currents (shown by dashed 
lines). Will also operate as free-running 
mvbr or as trigger by making minor changes 


in values of components.~A. C. Caggiano, 
Simplified One-Shot Multivibrator, EEE, Oct. 
1967, p 140 and 142. 


LOCK-UP IMMUNITY—With complementary 
transistors connected as shown, circuit is in- 
herently self-starting, immune to lock-up, and 


useful over wide range of frequencies. Coin- 
cident positive and negative output pulses 
have equal amplitudes. With values shown, 
pulse width is about 2 4s and amplitude about 
half of supply voltage.—C. R. Bond, Comple- 
mentary Series Multivibrator, EEE, Sept. 1967, 
p 135~136. 


700-HZ ASTABLE NEON—Basic circuit may he 
modified by changing resistor values to obtain 
frequency up to 8 kHz.—W. G. Miller, “Using 
and Understanding Miniature Neon Lamps,” 
H. W. Sams & Co., Indianapolis, Ind., 1969, 
p 43. 


+12¥ 
nN R6 
10K 47k 
FALL TIME 
Fe 100ns, 
eer ; 
OUTPUT 9 Rise TIME 
RY 60S 
Tat 
21*300 
TRE TRS 
TTX300 211x300 
Ot D2 
25140 


WIDE-RANGE MVBR—Gives pulse durations identical values from 180 pF to 75 yF. TRI durations,—“E-Line Transistor Applications,” 
tanging from 26.5 us to 66 s in nine ranges, and TR2 form Darlington pair giving required Ferronti Ltd., Oldham, Lancs., England, 1969, 
by switching capacitors CI and C2 which have large value of base resistance for long pulse p 8. 
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OUTPUT SINGLE-UJT ONE-SHOT—Addition of resistor 


between emitter and ground converts basic 
JIL single-ujt mvbr to one-shot. Method of add» 
100.8 ing transistor output stage is also shown.—T. 
P. Sylvan, The Unijunction Transistor Chara 
acteristics and Applications, General Electric, 
Syracuse, N.Y., No, 90.10, 1965, p 76. 
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FINE 
FREQUENCY 
ADJUSTMENT 


Oy 


IN15{2 510 


OSCILLATOR 


Q4 
21279 


3 5 
2nt279 2Ni279 


PHASE-INDEPENDENT SYNC-—Multivibrator Q4- 
Q5 is synchronized with pulsed input signal 
by Q2-Q3. Unique feature is ability to turn 
off mvbr for specified time and restart it on a 
desired cycle regardless of when sync pulse 
arrives during that mvbr cycle. 150-Hz out- 
put has stability of 3%.—J. S$. Chomicki. Os. 
= cillator Synchronizes With Pulses Of Any 
Phase, Electronics, April 3, 1967, p 96-97. 


SYNC SIGNAL 2Nn1279 


INPUT 


NOTE: To locate additional circuits in the category of this chapter, use the index at the back 
of this book. Check also the author’s “Sourcebook of Electronic Circuits,’ published by 
McGraw-Hill in 1968. 


CHAPTER 55 
Noise Circuits 


OUTPUT 
PULSE 


MOTOROLA 
= MC 7I7P 


SWITCH NOISE ELIMINATOR—Closing $1 gives noise threshold of IC, so one-shot sees clean 
output pulses from 1 4s to 80 ms, with width fast trigger signal. 1. Isrealy, IC One Shot 
depending on value of C2, Built around RTL Generates Short-Duration Pulses and Elimi- 
four-gate NOR IC, functioning as one-shot nates Switch Noise, FEE, March 1968, p 129— 
driven by inverter. Switch noise is below 130. 


12-25 v d-c 
NOISE SUPPRESSION—Use of sine-wave Col- 
pitts oscillator with diode bridge and simple 
filter as inverter eliminates bursts of noise 
INPUT {40k occurring at square-wave switching points in 
VOLTAGE conventional inverter. Another advantage 


of circuit shown is infinitely small ripple cur- 
rent even with large changes in load current. 
Coils should tune to about 100 kHz.—W. E. 
Osborne, Sine-Wave Inverter Prevents Inter- 
ference, Electronics, May 27, 1968, p 104-105, 


2Nt714 


1N459 
50-120 v d-c 


1N459 ae OUTPUT 
ii ‘pt VOLTAGE 
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LONG-LINE NOISE SUPPRESSOR—IC opamp 
serves as preconditioner to improve signal-to- 
noise ratio in digital line. Divider R1-R2 
permits handling large input signals (14 V). 
CI shunts out fast noise spikes from high- 
gain Fairchild 4A710 opamp. Output is gen- 
erated when input exceeds half the threshold 
level established by reference voltage ap- 
plied to terminal 3. Article contains thirteen 
other IC opamp application circuits.—-J. F. 
Gifford and M. Markkula, Linear IC’s: Part 5, 
Ins and Outs of Op Amps, Electronics, Nov. 
27, 1967, p 84-93, 


GRASS SIMULATOR—Random-noise generator 
covering 100 kHz to 8 MHZ, with content and 
level both adjustable, simulates radar return 
signal for use in test setup. Output is ad- 
justable from 0 to 3 V p-p.—D. D. Lacey, 
Noise Generator Simulates Radar Return-Sig- 
nal ‘Grass,’ Electronic Design, May 24, 1970, 
p 114, 
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5, OUTPUT 


0.003,.F 


MCI636P 
HEX INVERTER PKG. 


INE 
0.003 pF 


DISC CERAMIC 


DISC CERAMIC 
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COMMON 


ACTIVE NOISE FILTER—Developed for timing 
and logic circuits of industrial electronic con~ 
trols having lines long enough to pick up 
severe 60-Hz radiation. Works like Schmitt 
trigger though requiring no external d-c sup- 
ply. Article includes table showing d-c 
switching levels and ripple at various noise 
frequencies.—P, A. Lajoie, Simple Solid-State 
Noise Filter for Industrial Logic Systems, FEE, 
Oct. 1968, p 124 and 126. 


I5Q VOLTS 
60 CPS 
3 3K 150 


STEPPING 
SWITCH 
COS 


V7 


i 

100K > 9OST-2S t 

VIO, Vil. ARE t 

THE POWER 1 

NEON ON-OFF SWITCH—In digital voltmeter ear - g0V THYRATRONS 
stage, neons isolate driver thyratrons andam- VOLTAGE BIAS (WHICH IS 
plifier from stepping switches, preventing pL Rost oe oe | 
thyratrons from firing due to noise pulses THYRATRONS Sarees) \ 
| 


created by pulsing the stepping switches. 
When driver thyratrons are ignited on signal 
from amplifier, neons switch on and ignite 
power thyratrons.—E, Bauman, ” Applications 
of Neon Lamps and Gas Discharge Tubes,” 
Signalite, Neptune, N.J., p 95. 


COMPARISON 
VOLTAGE 


STEPPING 
SWITCH ~ OPERATED 
VOLTAGE DIVIDER 


STEPPING SWITCH 
OPERATEO OIGITAL 
REAQOUT 


10 VOLT 
PRECISION 
SOURCE 
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NOISE TO 500 KHZ—Avalanche diode noise 
source gives 1 to 2 mV into 50 ohms over 
frequency range of 2 kHz to over 500 MHz, 
for testing broadband video and r-f amplifier 
systems.—H, Penfield, Why Not The Ava- 
lanche Diode As An RF Noise Source? Elec- 
tronic Design, April 12, 1965, p 32-35. 


INPOT 


O.00inf 


NOTE. 


FEEDTHRU 
CURRENT ADJUST 


ue 


Lower frequency 


COMMON 


ATTENUATOR 
ADJUST 


HIGH-LEVEL 
OUTPUT 


BNCA ATTENUATED 
OUTPUT 


range may be extended 
by Increasing all O.tuf 


capacitances, 


PEAK-READING NOISE METER—One module 
senses positive peaks of noise, while other 
senses negative peaks. Both outputs drive 
meter that reads p-p value of noise. Reset 
circuit provides both polarities, to reset both 
modules, Use OEI 5138 and 5139 modules 
for d-c to 10 kKz, and others for 10 MHz, 
When measuring very low-level signals, 
opamp preamp noise must be canceled by 
replacing meter circuit with opamp having 
offset voltage added to signal.—A Peak Read~ 
ing Noise Meter, Optical Electronics, Tucson, 


Frequency 
Adjust 


Note: 
For best oscillator 
stability, the resistors 
should be metal-film 
type with low temper~ 
ature coefficients. 


RANDOM NOISE GENERATOR—Based on low- 
pass filtering of random binary waveform to 
obtain analog noise source having known 
power spectral density and rms 
Clock signal is applied to 


value. 
Burr-Brown 


ameese soe Sele s Ey 


4006/25 random noise generator module to 
produce the random binary signal, for feeding 
to low-pass filter module. Resulting noise 
signal has flat power spectrum from d-c to 1 


kHz. Article gives design equations.—Burr- 


Ariz., No, 10092, 


(Digital) 


= A A E 

+5 V F ° 

-5 Vv t 
aoe 


O+15 V 


4006/25 
Noise 


ool be 


S~ Tms 


Brown Computer Designed Active Filters, Burr~ 
Brown Research, Tucson, Ariz., No. PDS-203A, 
1968. 
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CONTAMINATED-SIGNAL REJECTOR—Simple 
circuit compares signal with noise in pulse 
system and delivers squelch output for reject- 
ing noise-~contaminated signals. Can be used 
in pulse command and control applications, as 
well as for code communication. When de- 
sired series of pwm pulses reaches input, in- 
tegrated value at A is insufficient to break 
down CRI. When noise is present with sig- 
nal, however, CR] breaks down and resulting 
signal at B turns Q2 off, making Q3 turn on 
and provide ground point for squelch.—“Se- 
lected Electronic Circuitry,’ NASA SP-5046, 
1966, Government Printing Office, Washington, 
D.C. p71. 


SiLRECT(INS38} 


POWER 
XFMR 


LINE 


(D1510) aa 


TRIAC RFI SUPPRESSION—Used when it is pos« 
sible to insert chokes in series with line. 
Series resistors must then be added as shown 
to prevent oscillation, because load no longer 
acts as damping element between filter and 
control circuit—Triacs—Operation and Use, 
Philips, Pub. Dept., Elcoma Div., Eindhoven, 
The Netherlands, No. 37, 1969. 
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220V 


LOR-25 


Supply + 28 V de 
on 2N718A 
Squeich Qe 2N722 
‘é ” Suiputs: a 2N718A, 
J CR, 1N756A 
R, 89K 
R, 100K. 
Rs 160K 
Cy 1.0 nF 


NOISE DIODE FILAMENT REGULATOR—Noise 
output current of temperature-limited noise 
diode is held constant at value determined by 
setting of R1, in range of 0,5 to 10 mA, by 
dual regulator and cadmium sulfide cell con- 
trolling conduction angle of ser. Cell moni- 
tors light output of noise diode, which in- 
creases with line voltage, to compensate for 
fine voltage variations. Can be easily 
adapted for control of other noise sources.— 
H. D. Olson, Semiconductors Regulate Noise~ 
Diode Plate Current, Electronic Design, March 
16, 1964, p 108-109. 
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MEASURING NO!SE—Two Philips DOA40 IC 
opamps connected as shown provide overall 
gain of 100 for measuring electrical noise 
generated by potentiometers and other com- 
ponents, at frequencies between 1 Hz and 
0.1 MHz. Capacitor blocks d-¢ signal.—Meas~ 
urement of Electrical Noise Using the DOA40, 
Philips, Pub. Dept., Elcome Div., Eindhoven, 
The Netherlands, No, 28. 
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NOISE PULSE SUPPRESSOR—Pulse-width dis~ 
criminator fires to provide output pulse for 
each input pulse exceeding level of xener CR3 
and having width determined by setting of 
Schmitt trigger.—A. A. Dargis, Pulse Width 
Discriminator Rejects Narrow Noise Pulses, 
Electronic Design, Dec, 21, 1964, p 50. 


Re 
SIGNAL jax 


input CRs 
IN3020 


KILLING TURN-ON AND TURN-OFF TRAN- 
SIENTS—Scr in solid-line portion of circuit 
(switch §$ closed) eliminates kilovolt spikes 
when inductive a~c load is turned off. Dotted 
portion of circuit eliminates turn-on transients 
(switch $ is then left open). Both radiated 
and conducted r-f interference are eliminated. 
Can be used in paper-tape punches, tape 
transport motor drives, electric typewriters, 
and other a-c motor or solenoid devices. 
J, l. Haynes, Reducing Transients in Switched 
Inductive Loads, Electronics, Oct. 17, 1966, p 
88~89, 


300 300 300 


H5yv 


Aa RECTIFIERS: 


§N4725 


MEASURING RADIOMETER NOISE—Single 
power supply provides 7-kV pulse for ionizing 
gas-discharge noise tube and 300 V to keep 
it ionized, Ujf Q1 triggers SCR to generate 
pulse, then automatically switches to low- 


O4Tpe 


voltage operation. Shunt regulator, using 
two 2N3241 transistors with zener, keeps cur- 
rent constant to prevent variations in noise 
output. D3 can be seven 1N4725 diodes in 


2N324¢ 


oe t 
Rp 1 
22k | 
= | 

{ 


series, costing much less than 1-kV_ pre-« 
potted stack shown.—J, M. Payne, Zeners and 
SCR Fire Gas Discharge Tube, Electronics, July 
22, 1968, p 71. 


CORRELATOR—Provides 35 dB rejection of un- 
correlated components for random signals in 
10% band centered at 300 MHz, for radio 
astronomy applications. Complementary sili- 
con fet’s are used as direct multipliers while 
balancing out spurious responses.—Wideband 
Correlator Uses Complementary FETs for Sig- 
nal Multiplication (Texas Instruments ad), 
Electronics, Oct. 31, 1966, p 107. 
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¢——~« 


OUTPUT 


0.5-500 MHZ A-M NOISE GENERATOR—Re- 
quires only diode, ujt, and four other com- 
ponents. Amplitude of output is sufficient for 
checking operation of a-m receiver on any h-f 
and vhf band without switching or tuning, by 
feeding noise output to input of receiver.— 
R. A. Reitmeyer, Jr. and R. A. Gilson, Simple 
Wideband A-M Noise Generator, FEE, Feb. 


1970, p 116~117. 


POWER SOURCE- 
EXCITED BY RINGING CURRENT 
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4Ul 


6800 
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%* INSERT JUMPER TO DECREASE LEVEL 
DIALING SIGNAL SUPPRESSOR—Neon glow 
lamp in Ericofon handset suppresses unde~ 
sirable dial-tapping sound that could some- 
times activate another extension or telephone. 


SIGNALITE 
RT2-32-1A 


TRANSMITTER > 


Application requires that breakdown voltage 


of neon remain constant within 8% over 
life of telephone. Lamp has radioactive 
material that stabilizes its breakdown volt- 


age. Circuit also shows tone oscillator that 
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| 
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replaces conventional bell ringer and is acti- 
vated by same 20-Hz ringing voltage.—E. Bau~ 
man, Glow Lamp Prevents Telephone Dial 
Tapping, Electronic Design, Dec. 21, 1964, p 
46-48, 
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+ 250M 
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oF 
IN@B2A 


(000 


I2.6VCT 


2000 3300 


ANALOG INPUT SIGNAL 
PLUS NOISE 


TUNING 60-HZ SIGNAL BURIED IN NOISE— 
Uses synchronous modulation to get peak out. 
put level of desired signal at power-line 
frequency even though buried in noise exceed- 
ing it by one or two orders of magnitude, 
Output actuates meter through RC filter having 
time constant of about 0.04 s.—-H. L. Kahn, 
Peak Voltage Indicator Solves Tuning Prob- 
lem, Flectronic Design, Jan, 20, 1964, p 84~85, 


20k 


OUTPUT 
TO A~D 
CONVERTER 


OP AMP 


LINE NOISE FILTER—Opamps separate line 
noise from analog signals before conversion, 
without appreciably affecting converter 
settling time of 40 ms at 0.01% of full scale. 
Second opamp acts as summing network for 
analog input signal, its noise component, and 
inverted noise component passed by first 
opamp. Adjusting R3 provides complete can~ 
cellation of line-freqency noise.—D, Velasevic 
and S. Stankovic, Op Amps Reject Line Noise 
in A-D Converter’s Input, Electronics, Jan, 5, 
1970, p 96. 


NOTE: To locate additional circuits in the category of this chapter, use the index at the back 
of this book. Check also the author’s “Sourcebook of Electronic Circuits,” published by 


McGraw-Hill in 1963, 


CHAPTER 56 
Operational Amplifier Circuits 


375 k 01 


100 k 


LOGAMP—Uses Motorola opamp in circuit 
that provides logarithmic compression of in- 
strumentation data, Transistor serves as 
feedback element.—K. Huehne, The Continu~ 
ing Dominance of the Operational Amplifier, 
“State-of-the-Arf—Linears in Action,““ Moto~ 
rola, Phoenix, Ariz, 1969, p 5-13, 
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~ MC TO 1 MHZ—integrator operates with less 


30k © get required combination of bandwidth 
than 0.1 dB change over entire bandwidth, 


1% and low source current.—J. F, Foster, Low= 

with low enough source current to permit using Cost Op-Amp Integrator Has Range From DC 

O-INPUT integrating resistors up to 1 meg. Opamps +jnpuTé OBALANCE Por To Over 1 MHz, Electronic Design, Nov. 22, 
Were constructed with discrete components 1967, p 104-105. 
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ANALOG MULTIPLIER TESTER—Combination of 
MULTIPLIER UNDER TEST four opamps and scope serves for measuring 
gain and offset errors of analog multipliers 
quickly, efficiently, and accurately. SI gives 
choice of four dec input voltages—0, 2.5, 5, 
and 10 V—with either polarity, and also sets 
gain for multiplier. Amplitude of sine-wave 
input is not critical, Same test setup will 
measure frequency response of multiplier.— 


10k 100k xy 


T. Cate, Top Performance from Analog Multi- 
Eg iote pliers? Much Depends on Errors Gauged in 
3064/15 Your Circuit, Electronics, April 13, 1970, p 


114-117. 
{Oe TO VERTICAL 
INPUT ON 
SCOPE 


DPOT SWITCH 


SN 72 709L 


OUTPUT 


0.0002 uf 


—{5y 
ZERO 
40k ADJUST 


GAIN-CHANGER—Permits changing gain of IC 
opamp without readjusting offset voltage at 
output. Two switches give choice of 19 gain 
values. SI determines integral value, and 
S2 gives choice of multiplication or division 
by integer setting of SI. 10K pot nulls out- 
put when input is 0, and is adjusted only 
once.—R. Guyton, 19 Op-Amp Gains Are 
Switched Without Offset, Electronics, March 3, 
1969, p 94—95. 
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SOLID-STATE 
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9580/15 


MODE CONTROL 
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ON FOR Ov 
OFF FOR +5v 


5k 
FREQUENCY 
ADJUST 


SQUARING-MODE TESTING—Combination of 
five low-cost fet-input opamps, IC salid-state 
switch, and scope serves for testing squaring 
accuracy of quarter-square or variable-trans- 
conductance-type analog multipliers. Two 


INCREASING INPUT VOLTAGE RANGE-Boot- 
strapping bias supply (in dashed box at top) 
for unity-gain IC opamp permits use with 
three to four times normal input voltage limit 
of 7 V. Output current is 700 mA. Stability 
is excellent. High open-loop gain (about 
2,000 at 400 Hz) eliminates crossover distor- 
tion.~D. R. Younge, Bootstrapping Bias Supply 
Increases IC Voltage Capacity, Electronics, Oct. 
28, 1968, p 90-91. 


+15¥ 


equal inputs are integrated to give ramp 
functions, which in turn are integrated and 
resulting curves subtracted from ramps to 
determine multiplier error, Article gives rele~ 
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vant equations and graphs.—T. Cate, Top Per~ 
formance from Analog Multipliers? Much 
Depends on Errors Gauged in Your Circuit, 
Electronics, April 13, 1970, p 114--117. 
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Oo 
4 +15 Volts 


a DENOMINATOR 
1N753A INPUT 
TWO-QUADRANT ANALOG DIVIDER—Input 
and output signal levels are 10 V full scale. 
Numerator and output are bipolar but de- 
OUTPUT nominator is positive only. Division is ob- 
© tained by connecting analog multiplier 5500 
in feedback loop of opamp.—~Applying the 
Model 5500 Monolithic Analog Multiplier, Op- 
tical Electronics, Tucson, Ariz., No. 10138. 


NUMERATOR 
(NPUT 


-15 Volts 
100pF 10nF 


15k2Q «15K hae VxVy 
-10 Vs Vys +10V O10 
-10 Vs Vys +10V 
1TkQ By Qutput 
Yo Offset 
O +32V 


1 MULTIPLIER—Accommodates input voltages 
over range of —10 V to +10 V. Output 
dynamic swing will ride 22-V common-mode 
level. Frequency response is down 3 dB at 
4.5 MHz.—E. Renschler, The Monolithic Multi- 
plier Breakthrough, “S5tate-of-the-Art—Linears 
in Action,” Motorola, Phoenix, Ariz., 1969, p 
27-36, 


+15vd-c + 50v d-c 


ANALOG 
DEVICE 
MODEL 108 


OUTPUT 
INPUT 


SIGNAL 


BOOSTER STAGE —30vd~c 
VOLTAGE BOOSTER—Two transistors and 


zener diode give high output voltage from stability. Can be used to measure phase Boosting Op-Amp Output With Two Transis- 
low-voltage opamp having good gain and angle changes as small as 0.01%,—A., Freilich, tors, Electronics, June 10, 1968, p 110-111. 
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BIPOLAR SQUARING—Consists of four-quad- 
rant multiplier having 10 V input and output 
signal levels of both polarities. Bandwidth 
is d-c to 10 kHz, but may be increased by 
changing R7 and R8 to 106K. When inputs 
are connected together as shown, circuit be- 
comes squaring amplifier. R6 adjusts offset 
at Y input or adjusts symmetry of output 
parabola when squaring.—Applying the 
Model 5500 Monolithic Analog Multiplier, 
Optical Electronics, Tucson, Ariz, No. 10138. 


+15 Volts 
~O 


oO 
OUTPUT=XY 
or 2? 


“15 Volts 
O 


X = INPUTO— 


SQUARE ROOT OF SUM OF SQUARES—Uses 
five OE! IC's to square X and Y inputs. First 
9125 opamp sums the squares, 521 performs 
square root, and 9125 at output cancels off- 
set so output is absolute value of input func- 
tion, Inputs and outputs are all positive— 


Generating Square Root of Sum of Squares ¥ ~ INPUTo 
Function, Optical Electronics, Tucson, Ariz., 51K 
No, 10085, 
+15V +15V 


BC179 | R12 


ov 


LOGAMP—Uses logarithmic voltage-current re- 
lationship in semiconductor junction to pro- 
vide, by means of feedback in Philips DOA42 
I€ opamp, output which is logarithm of input 


voltage over input range of 100 nV to 10 V. 
Opamp at lower right may be added as buffer 
and amplifier for logarithmic signal. Tran- 
sistors TRI and TR2 can be selected examples 
of BCY87 having high hFE at low IC values. 


Circuit is suitable for positive input voltages 
only. —A. Schechtman, A Logarithmic Ampli- 
fier, Philips, Pub, Dept., Elcoma Div,, Eind- 
hoven, The Netherlands, No. 86. 
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IC DIFFERENCE AMPLIFIER—Provides gain of 
20, with frequency response shown by curve. 
IC can be SN521, or SN522 having added 
emitter-follower for greater drive capability. 
~—L. Housey and G. McFarland, Using Inte- 
grateds as Feedback Amplifiers, Electronic 
Design, March 2, 1964, p 49-52. 


10-MHZ R-L«C BANDPASS—Gain is about 20 
dB at resonance, and 3-dB bandwidth is 
about 1 MHz. Inputs care effectively 
grounded.—"“Linear Integrated Circuits,“ RCA, 
Harrison, N.J., [C-41, p 262. 


LOG AMPLIFIER—Two Fairchild A709 IC 
opamps and transistor pair from temperature- 
compensated IC differential amplifier together 
serve to multiply and divide signals in true 


AMPLIFIER OUTPUT (db) 


lKe 10Ke l00Ke IMc 
FREQUENCY 
= Ph O+15 Volts 
(+) P-channel such 
El as 2N4360 
1Okg E2RC/E1(t=0) 

El and E2 must be 

of opposite — 

polarities. 


Change inputs of = 
the 5501 to reverse 
input polarities. 


(-) £2 


(I ee ee ee eae | 


(a pulse train) 
(Pulses compatible with the logic levels 
of the flip-flop used) 


ANALOG DIVIDER—Analog input El drives 
integrator, while analog input E2 is reference 
level of analog comparator, When integra- 
tor output is greater than reference, com- 
parator sets flip-flop FF, which changes state 
at next clock pulse, making fet reset inte- 


PART OF ,A726 Re 
I 
| 


2N2920 


logarithmic fashion. The 
nected as feedback stage between IC’s, add 
the two signal levels after they have been 


transistors, con- 


converted to logarithmic form. Logarithmic 


ee! des 


pO 
ik Output 


2N3704 


gtator and start process over again. End of 
clock pulse resets flip-flop. Output is rec- 
tangular pulse train. Flip-flop may be any 
RS type having sufficient speed for clock rate 
used.—An Average Valve Analog Divider, 
Optical Electronics, Tucson, Ariz., No. 10145. 


OUTPUT 


conversion occurs over 80-dB dynamic range 
and wide temperature range.—J. F. Gifford 
and M. Markkula, Linear IC’s: Part 5, Ins and 
Outs of Op Amps, Electronics, Nov. 27, 1967, 
p 84-93. 
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egtle, x iol % 
EXPONENTIAL FUNCTION OF VOLTAGE~Ex- 
ponent generated is adjustable between 0.25 
and 4 by means of single potentiometer. 
Dashed rectangles are Analog Devices 751N 
log modules; 111 is reference opamp and 
230) is chopper-stabilized opamp.—W. Bor- 
lase and &. David, Design of Temperature 
Compensated Log Circuits Employing Tran. 


ee ie 
a 1.Ologges Oleg TeV 


PRECISION LOG OF VOLTAGE OR CURRENT 
RATIO—Provides accurate logarithmic conver- 
sion on both inputs. Uses Analog Devices 
230) chopper-stabilized amplifiers with 751N 
log element for positive inputs (dashed rec- 
tangle) or 751P for negative inputs. Differ- 
sistors and Operational Amplifiers, Analog ential amplifier 183K is high-impedance type. 
Devices, Cambridge, Mass., E020-10-3/69, p Circuit includes common mode response zero~ 
12, ing control and zero offset control.—W, Bor- 
lase and E, David, Design of Temperature 
Compensated Log Circuits Employing Transis- 
tors and Operational Amplifiers, Analog De- 
vices, Cambridge, Mass., E020-10-3/69, p 12. 


Ein 


Ry —Rg = 50k 
ABSOLUTE VALUES~Requires only single IC 
opamp for converting d-c input voltages of 
either polarity to their absolute value. Ac- 
curacy is 0.1% from 0 to 50 C for bipolar 


OPAMP LIMITER—Modification of differential 
amplifier circuit Q1-Q2 serves to limit output 


inputs of 0.5 to 15 V. Article tells how input 


polarity changes transfer function. R1 
through R5 have equal values, and forward 
resistances of all three diodes are identical. 
—W. Spani, Absolute Valve Circuit Needs Only 
One Op Amp, Electronics, Jan. 20, 1969, p 89. 


of opamp G to plus or minus 10 V. Coupling 
and biasing resistors are not in feedback 
loop, so arrangement gives good hard limit- 
ing.—P. A. Ralatos, Reset Circuit Independent 
of Amplitude and Polarity, Electronic Design, 
Oct. 25, 1965, p 70 and 72. 
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LIMITS 


ELECTRONIC 


—5V 


CLEARING 
PULSE 


ioe ie 
4 


LIMITS 


T,= 400 OHMS, || RATIO MINIATURE AUDIO TRANSFORMER 


+15V 


CLEARING—Combination of dual-emitter tran« 
sistor Q[, transformer, and diode D1 clears 
integrator by discharging its capacitor when 
clearing pulse is applied, without producing 
d-c leakage path between either end of Cl 
and control signal. Circuit will reset integra- 
tor to within 10 mV of zero,—J. A. Wisnia, 
Dual-Emitter Transistor Clears Integrator Cir- 
cuit, Electronic Design, June 7, 1965, p 41~42. 


—_—> 
150K R 


INPUT RANGE: 
ImV <e,<IOV or 1OnA <I, < 100pA 
4 @, Rp 6, x150K : 
~@.= 1.0 log =———= |: pa 
@,= |.0 log eR, log i5x100K log 70 (v) 


Te 


To 


1 |5mvV 


—R,)C, I, ,,7 > #150 pA 
(Jor Re) Twin” Yooma” °° 


\ ‘ 
iet(—————p + 33K) 10" = 1.6 ms 


40x1.5x10 

LOG OF VOLTAGE OR CURRENT—Provides 
logarithmic compression of inputs to 2305 
chopper-stabilized amplifier over wide dy- 
namic range (10 pA to 100 uA). Dashed 
rectangle is Analog Devices 751N log ele- 
ment for positive inputs (use 751P for nega- 
tive inputs).—W. Borlase and E. David, Design 
of Temperature Compensated Log Circuits 
Employing Transistors and Operational Am- 
plifiers, Analog Devices, Cambridge, Mass., 
£020-10-3/69, p 11. 
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FOUR-QUADRANT MULTIPLIER—Two OE! 5500 
analog multipliers feed opamp to provide 
product of two inputs over four quadrants. 
Opamp is not critical. Output is 10 V full- 
scale with either polarity when R is 100K. 
Frequency response depends on opamp up to 
10 MHz.—Two and Four Quadrant Multipliers 
using the OEl Model 5500, Optical Electron- 
ics, Tucson, Ariz., No. 10140. 


Wka Ika 10k» 


+15 Vde 


Wk» Ika 10 kn 


£,= Vidz], where -10 < Z <0, 

SQUARE-ROOTING—Connection shown for 
Burr-Brown — differential-input —_ multiplier-di- 
vider package provides noninverting square- 
root mode of operation with offset nulling. 
Multiplier is used to square output signal. 
Report discusses causes of square-rooting 
errors.—Differential Input Multiplier/Dividers, 
Burr-Brown Research, Tucson, Ariz., PDS~ 
201A-2, 1969, 
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O OUTPUT 


2 


Oo 
\.5Meg = +150V 


RESETS OPAMP—Q1-Q2 provide electronic re- 
set for integrating opamp regardless of output 
amplitude or polarity. Differential 1¢ current 
amplifier is gated ON for reset period and 
provides full-signal negative feedback, to 
convert integrator to zero-gain amplifier. 
Article describes function of integrating ca- 
pacitor across opamp, whose value is chosen 
to give desired discharge rate.—P. A. Ralatos, 
Reset Circuit Independent of Amplitude and 
Polarity, Electronic Design, Oct. 25, 1965, p 
70 and 72, 


-10V 


+10 V 


SYNCHRONOUS PHASE DETECTOR--Single- 
ended input is obtained by using opamps At 
and A2 as small-signal rectifiers and A3 as 
combination difference amplifier and low- 
pass filter, Operating range is 10 Hz to 10 
kHz. Useful also as tracking filter or phase- 
lock f-m discriminator.—A, F. Gangi, Op 
Amps Replace Transformer in Phase Detector 
Circuit, Electronics, May 12, 1969, p 109. 


4018 /25 
Sin/Cos 


FOUR-QUADRANT SINE~Addition of two 
opamps to Burr-Brown 4018/25 two-quadrant 
sine-cosine generator module gives four-quad- 
rant response. Equations are given. For 
0.1% overall accuracy, all resistors should 
be trimmed te 0.01% of indicated values.— 
Sine/Cosine Function Generator, Burr-Brown 
Research, Tucson, Ariz., PDS-210, 1968, p 5. 
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TWO-QUADRANT MULTIPLIER—Uses OEI 
Model 5500 single-chip analog multiplier pro- 
viding differential output equal to product 
of two inputs. Opamp at output is not criti~ 
cal, and may be OEI 9302, 9125, etc. Value 
of R determines output amplitude; 100K gives 
10 V full-scale bipolar output.—Two and 
Four Quadrant Multipliers using the OE? 
Model 5500, Optical Electronics, Tucson, Ariz., 
No. 10140, 


#10 V 


Q to +1V 


~15 VOC 


CUBIC FUNCTION GENERATOR—Uses two low~ 
cost unmatched fet squaring circuits with 
forced-matching scaling factor to approximate 
matched fet pairs. Used with quarter-square 
multiplier and summing and inverting ampli- 
fiers to generate cubic function, Circuit 
shown squares over 60-dB output signal range 
for inputs from 100 to 10,000 Hz when driven 
by sine wave. Article covers theory, design 
equations, and other applications for squarer. 
—T. F. Bogart, Jr., Matched Transistors Pass 
for FET Squarers, Electronic Design, Nov. 8, 
1965, p 36—41, 


Q, Q, 


2N2386 2N2386 


- 5 Volts 


Sin ¢ 


360-DEG SINE-COSINE—With basic OE! sine- 
function and opamp modules, circuit arrange- 
ment shown generates full 360-deg nonlinear 
9110 transfer function. Useful bandwidth for 
maximum accuracy is d-c to 1 kHz. Model 
9110 modules buffer summing resistor net- 
work and drive 5217 sine function modules. 


—360 Degree Sine/Cosine Function Generator, 
Optical Electronics, Tucson, Ariz., No. 10154. 
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FOUR-QUADRANT MULTIPLIER~-Combines 
Burr-Brown 9648 and 9671 squaring modules 
with three high-gain d-c opamps to give four- 
quadrant multiplication of input signals at 
X and Y. Output opamp is connected as 
summing amplifier.—Negative Input -General 
Purpose Squaring Module, Burr-Brown . Re- 
search, Tucson, Ariz., PDS-180A, 1968. 


TWO-QUADRANT DIVIDER—-Combines Burr- 
Brown 9648 and 9671 squaring modules with 
three high-gain d-c opamps to give two-quad- 
rant division of signal at X by signal at Y.— 
Negative Input General Purpose Squaring 
Module, Burr-Brown Research, Tucson, Ariz., 
PDS-180A, 1968. 


Ri, R 24 kQ* R, 10kQ Rio 110.2 Ris 24k Rig, Rig 1002 

Rs, Ra 75.2 Ry Rg 8.2kQ Ry, Riz 6.2 kQ** Ri6 2kQ Rio, Roy 15 KO 

Rs 2kQ Ro 22k Ria, Rig 100 9 Riz 17 kQ Cc 33 nF 
* + 0.1%, metal film resistors ** 4 1% resistors 


DIFFERENTIAL FET INPUT—Fet pair in first 
stage reduces bias and offset currents by fac- 
tor of 1,000 as compared to bipolar transis- 
tors, Unity-gain bandwidth is 10 MHz, open- 


loop voltage gain 99 dB, and slewing rate 
with compensation network is 10 V per xs. 
Report gives design equations.—B. J. M. Over- 
goor, An Operational Amplifier with Differen- 


Div., Eindhoven, The Netherlands, No. 332, 
1969. 
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2 W FROM D.C TO 12 MHZ—Instability is 
avoided by limiting gain of each stage and 
using feedback for handling large voltage 
swings. Output stage can handle 20-V swing 
into 200 ohms, or 2 W for square wave. 
Bandwidth is flat within 3 dB and rise time 
is 25 ns.—R. H. MeMorrow, Modified Opera- 
tional Amplifier Has Flat Bandwidth to 12 Mc, 
Flectronic Design, Aug. 30, 1965, p 47-48. 


75k 


_ ~15v 

OFFSET VOLTAGE DRIFT SUPPRESSION—Bias 
current drift compensation techniques for IC 
amplifier, described in article, are here ap- 
plied to complete amplifier having monolithic 
transistor pair as preamp. Null potentiome- 
ter unbalances collector load resistors so zero 
output is obtained for zero input. Change 
of T V in either supply makes offset voltage 
change only about 10 zV. Temperature drift 
is low, comparing favorably with that of ex- 
pensive chopper-stabilized amplifiers—R. J. 
Widlar, Linear IC’s: Compensating For Drift, 
Electronics, Feb. 5, 1968, p 90-93. 


OUTPUT 


i5v = = 


IC MULTIPLIER-DIVIDER—Motorola monolithic 


- multiplier provides simultaneous multiplication 


and division when used with component 
values shown,—E, Renschler and D. Weiss, Try 
the Monolithic Multiplier as a Versatile A-C 
Design Tool, Electronics, June 8, 1970, p 100— 


105. 


Wk» Ika 10k 


Cee NE Vde 
-15 Vde 


~15 Vde 


Wka ITka 


Ok av 

DIFFERENTIAL-INPUT MULTIPLIER—Connection 
shown for Burr-Brown multiplier-divider pack- 
age multiplies inputs at X1 and YT with im- 
proved accuracy by using offset nulling 
principle. Accuracy is 2% of full-scale for 
4097 and 1% for 4098. Report discusses 
offset errors.—Differential Input Multiplier/ 
Dividers, Burr-Brown Research, Tucson, Ariz., 
PDS-201A-2, 1969. 
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chock pulse 


Generator 


ANALOG CONTROL OF VOLTAGE—Ov?put 
voltage Uo of Philips DOA40 “IC opamp is 
proportional to difference between input sig- 
nal voltages applied to OS11 IC monostabfe 
connected to 
DZD40 xero detector and to common clock 
Output voltage is returned 
to zero by operating reset switch § to short 


mvbr‘s, Multivibrators are 


pulse generator. 


507 


uF 
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= 
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oor 6.1 1.6 10.0 
FREQUENCY IN CYCLES PER SECOND 
DIFFERENTIATOR—Uses high-gain — Philbrick 


out Cl.~—Electronic Potentiometer With 40- and 
10-Series Circuit Blocks, Philips, Pub, Dept., 
Eleoma Div., Eindhoven, The Netherlands. 


HIGH-GAIN D-C DIFFERENTIAL AMPLIFIER 
Provides open-foop d-c gain of 200,000, differ- 
ential input impedance of 100,000 ohms, 
common-mode input impedance of 20 meg, 
output impedance of 10K, unity-gain band- 


width of 9 MHz, and common-mode rejection 


ratio of 94 dB, Suitable for operational use 
in amplifying signal by known and accurately 
determined factor. Article includes mathe- 
matical discussion of amplification errors.— 


USA-3 opamp with capacitive input and re- 
sistive feedback. 
transverse dHS effect in bismuth at: liquid 
helium temperatures, 
corder.—R. D, Brown III, New Methods for 
De Haas-Shubnikov Measurements, [BM Jour- 
nal, Nov. 1966, p 462471. 


Developed for observing 


Output drives X-Y re+ 


J. Oosterling and S. Sijtstra, Operational Am- 
plifiers, Electronic Applications, Philips, Pub. 
Dept., Elcoma Div., Eindhoven, The Nether- 
lands, Vol, 26, No. 4, p 116—188. 
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A-C/D-C LOGARITHMIC CONVERTER—Uses 
OEI Model 269 four-decade bipolar logamp 
having frequency response covering entire 
audio spectrum down. to d-c. Output is in- 
stantaneous log of input. With sine-wave 
input, output is rounded-top steep-sided 
waveform, with amplitude still equal to log 
of input peak amplitude. Compression of 
amplifier means that entire four decades of 
input produce output from 250-mV full-scale 
peak down to about 25 mV for minimum in- 
put. With d-c input, output is d-< voltage 
equal to log of input.—A Logarithmic AC to 
DC Converter, Optical Electronics, Tucson, 
Ariz., No. 10082. 


~- 15 Volts 


BALANCED TERMINATION—Required for 
transducers and other signal sources having 
long lines. if common-mode voltage exists 
between both inputs and signal ground, 
opamp can reject voltage as common-mode 
signal, Arrangement shown provides for 

OUTPUT nulling of d-c unbalance with pot, Capaci- 
tors may be inserted in d-c lines at points 
marked X, Use 16 yf, High-frequency re- 
sponse for —3 dB is about 3 MHz.—An AC 
Coupled Balanced Input Pre-Amplifter, Opti- 
cal Electronics, Tucson, Ariz., No, 10115. 


O+ 15 Volts 


o-O 

~ 15 Volts 
1N753A + gk 
1NU56A 
2N3055 


IN53 14 


I, 1A <1) <10°7A 
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HALL-EFFECT PREAMP—OEI Model 9130 LOG OF CURRENT RATIO—Combines Analog 


opamp provides. differential input required 
for amplifying differential output voltage 
that may be as small as a few mV per gauss 
of magnetic field passing through Holl-effect 
device, Circuit has gain of 1,000, which 
means that placement of Hall device with 
respect to earth’s magnetic field may affect 
output. Frequency response extends from 
d-c to about 1,000 Hz. Linearity is good if 
bias current is set properly.—A Hall Effect 
Device Pre-Amplifier, Optical Electronics, 
Tucson, Ariz., No. 10118. 


Devices 751N matched transistor pair and 
calibrated voltage divider module with 
Model 144 fet amplifier to provide logarithm 
of ratio of two input currents greater than a 
nanoampere each. Diode-connected transis- 
tors are reversible. Used in colorimetry, 
where overall accuracy of 0.1 dB can be 
maintained.—W, Borlase and £. David, De- 
sign of Temperature Compensated Log Circuits 
Employing Transistors and Operational Am- 
plifiers, Analog Devices, Cambridge, Mass., 
E020-10-3/69, p 10. 
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FOUR-QUADRANT FOR D.C TO 10 MRZ—Uses 
OE! 5500 analog multipliers, Bandwidth is 
limited only by slew rate or frequency re- 
sponse of 9300 opamp. Output is 1 V full X=t1 Volt 
scale.—Applying the Model 5500 Monolithic y=s1 Volt 
Analog Multiplier, Optical Electronics, Tucson, 

Ariz., No. 10138, Y 


LOG OF CURRENT RATIO WITHOUT REVERSI- 
BILITY—Analog Devices 751P log element is 
transdiode-connected, for handling currents 
from few picoumperes to hundreds of nano- 
amperes with good accuracy. Model 302 am- 
plifier error currents are much smaller than 
lowest signal currents which can be con- 
verted. Transdiode connection means loss of 
reversibility, so use 751P for negative input 
currents or 751N for positive input currents,— 
W. Borlase and E, David, Design of Tempera- 
ture Compensated Log Circuits Employing 


I 


I, 1A<1,<107% : : 
@,21.0 100,057 % Transistors and Operational Amplifiers, Ana- 
1 os <1,<107*a log Devices, Cambridge, Mass., E020-10-3/69, 
pill. 
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-WVEVy <+10V 
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nite snag OFFSET 
ae ier a K FACTOR g— ADJUST 1.0 uF 
. ae ADJUST ane 
OR MO6100 


-15V = 0-165 V 


MULTIPLY WITH DISCRETE LEVEL SHIFT—Cir- tor and straight capacitance at output. High multiplier.—E., Renschler, The Monolithic Mul- 
cuit takes differential output current and output impedance, with resulting limitation tiplier Breakthrough, “State-of-the Art—Lin- 
translates directly to ground reference, using on drive capability, is overcome by using ears in Action,” Motorola, Phoenix, Ariz., 
inexpensive discrete components. Upper opamp voltage follower at output. Input IC 1969, p 27-36. 

frequency limit depends only on 7.5K resis- is Motorola MC1I595 linear four-quadrant 
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Vy 
20V AT 10me 


ANALOG MULTIPLICATION—Two diodes 
driven by three-transistor Darlington current 
generator form low-cost logarithmic amplifier 
providing multiplication at 1 kHz over 3- 
Vy decade signal range. Diodes are 1N914 sili- 
con planar units.—J. F. Delpech, Logarithmic 
Amplifier Has 66-dB Range, Electronics, Oct, 
17, 1966, p 89~90. 


IC NONINVERTING OPAMP—Provides gain of 
20 dB, 100-kHz bandwidth for 5,000-ohm 
source impedance, and frequency response 
shown by curve. IC can be SN521, or SN522 
having added emitter-follower for greater 
drive capability.—L, Housey and G. McFarland, 
Using Integrateds as Feedback Amplifiers, 
Electronic Design, March 2, 1964, p 49-52. 


AMPLIFIER OUTPUT IN db 


iKe 1OKe 1OOKe IMc 
INPUT SIGNAL FREQUENCY 


INPUT INPUT SIGNAL 
oy -————_- 
Py v 


OUTPUT 


~20¥ 
TRANSIENT ANALYSIS BY COMPUTER—De- 


i: ~{5yv 


OUTPUT 


scription of simple inverter circuit can be 
punched on cards for inputting to computer 
having NET-1 circuit analysis program de- 
veloped at Los Alamos Scientific Lab. Com- 
puter then produces printout of d-c steady- 
state and transient responses, based on 
characteristics of diodes and transistor used. 
—A. F. Malmberg, Net-1 Gets an “A” For 
Accuracy, Electronics, Feb. 6, 1967, p 76~82. 


TRANSIENT PROTECTION—Large positive~go- 
ing voltage transients at input of IC opamp 
are suppressed by using ujt at input to serve 
as variable threshold limiter and maintain 
resistance of about 3 gigohms. To limit neg- 
ative transients, use complementary ujt in- 
stead of or with this circuit.—R. Chapman, 
UJT Protects Op Amp From Voltage Tran- 
sients, Electronics, Nov. 25, 1968, p 83. 


OPERATIONAL 


O 
our Pur 


3K 75 ohm output 


O BALANCED 


DIFFERENTIAL WITH GAIN OF 3—When driven 
from balanced fine, bandwidth is well above 
10 MHz, Input impedance is 300 ohms. 
Uses OEl 9300 opamp.—Applying the Model 
9300 Monolithic Operational Amplifier, Opti- 
cal Electronics, Tucson, Ariz., No. 10134. 


SQUARER—Output voltage of circuit is directly 
Proportional to square of d-c input voltage.— 
R. L. Colcord, Cirevit Squares DC Input Volt- 
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WA 
oO WN 
INPUT 1.5K 
Cy 1N270 
typically 
315 pF 


WIDE-BAND ABSOLUTE-VALUE~Provides ac- 
curate full-wave rectification of input, from 
d-¢ to 5 MHz for 1 V peak output, using two 


9 SQUARE 
OUTPUT 


i 


age, “400 Ideas for Design Selected from 
Electronic Design,” Hayden Book Co., N.Y,, 
1964, p 83. 


OE! 9300 opamps.—Applying the Model 9300 


Monolithic Operational Amplifier, Optical 
Electronics, Tucson, Ariz., No. 10134, 
400k 
{00k 
OUTPUT 


150k 


INPUT ae 

SUMMING AMPLIFIER—Variable resistor pro 
vides bias current compensation for linear [C 
used with fixed source impedance. Temperae 
ture characteristics are excellent, but arrange- 
ment works only for fixed values of feedback 
resistors.—R. J. Widlar, Linear [C‘s; Compen- 
sating For Drift, Electronics, Feb. 5, 1968, 
p 90-93. 


MC1531 


y INPUT 
0 TO BOTH FETS 
0.75¥ MEMSIIA 


IC MULTIPLIER—-Input signals X and Y are 
combined by fet’s operated as voltage-var- 
iable resistors by keeping signal voltages be- 
low 0.75-V pinchoff of these fet’s. Opamps 
A and AZ then make output proportional to 
product of X and Y. Useful in desktop com« 
puters.—B. Shore, Pocket-Size Analog Compu- 
ter Divides and Multiplies, Electronics, Dec. 
25, 1967, p 66-~67. 


MCt531 =S¥ 
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0,75v 


SUMMING—Circuit using Fairchild A709 IC 
opamp can sum many input signals with high 
accuracy, provided input resistance of iC is 
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MCi531 


1C DIVIDER—Input signals X and Y are com- 
bined by fet’s operated as voltage-variable 
resistors by keeping signal voltages below 
0.75-V pinchoff. Opamps then make output 
proportional to quotient Y/X. Used in desk- 
top analog computers.—B, Shore, Pocket-Size 
Analog Computer Divides and Multiplies, 
Electronics, Dec. 25, 1967, p 66-67. 


ALGEBRAIC SUMMING—Minor modifications in 
input of two-stage operational inverter con- 
vert it into excellent summing amplifier hav- 
ing gains up to 10, depending on values used 
for input resistors and R2,—W. Rosenbluth, 
Two-Stage Transistor Replaces Precision Oper- 
ational Inverter, Electronic Design, April 12, 
1965, p 54-56, 


Rp over ten times the parallel combination of 
feedback resistor Rf and the source resistors. 
With three inputs and with input resistors and 
Rf ail 20,000 ohms, maximum error is only 30 


BOTH FET'S MEMSTIA 


=5y 


+24 


R8 
50k 


+15V ~15V 
re) 


332k IM 


TRACKING WITHOUT CAPACITIVE INPUT— 
Has independent adjustments for gain, offset, 
and differentiating time constant, Output 
drifts only 10 mV per doy and 0.25 mV per 
deg C.—J. Harris, A Tracking Differentiator 
Has Noncapacitive Input, Electronic Design, 
Aug. 15, 1968, p 238. 


SQUARING CIRCUIT~Burr-Brown general-pur- 
pose negative-input 9671 squaring module 
may be used with variety of standard 
opamps to provide current into opamp sum- 
ming junction that is proportional to square 
of applied negative input voltage. Module 
requires +15 V and —15 V from external 
regulated power supply.—Negative Input Gen- 
eral Purpose Squaring Module, Burr-Brown Re- 
search, Tucson, Ariz., PDS-180A, 1968, 


ae 


mV. Article contains thirteen other [C opamp 
application circuits.—J. F. Gifford and M. Mark- 
kula, linear 1C’s: Part 5, Ins and Outs of Op 
Amps, Electronics, Nov. 27, 1967, p 84-93. 


OPERATIONAL AMPLIFIER CIRCUITS 513 


OPTIMUM TWO-STAGE INVERTER—Provides 
constant input impedance and unity gain of 
opamp, along with broadband, 180-deg phase 
shift at much lower cost and less complexity. 
Output impedance is low, and gain is inde- 
pendent of transistor parameters. Can be 
used in analog computer to invert 400-Hz sine 
and square-wave signals. Gain depends on 
R2; if R1 is 50K, gain will be unity if R2 is 
50.85K.—W. Rosenbluth, Two-Stage Transistor 


AMPLIFIER OUTPUT IN db 


1 aL. 
ike lOKe lO0Ke IMe 
INPUT SIGNAL FREQUENCY 


IC INVERTING OPAMP—Provides gain of 28 
dB, bandwidth of 100 kHz, and choice of in~ 
verting or noninverting input. Frequency re- 
sponse is shown by curve. IC can be $N521, 
or, 5N522 having added emitter-follower for 
greater drive capability—L. Housey and G. 
McFarland, Using Integrateds as Feedback 
Amplifiers, Electronic Design, March 2, 1964, 


Replaces Precision Operational Inverter, Elec- p 49-52. 
tronic Design, April 12, 1965, p 54-56. 


{OOpt {Opt 


ANTILOG OF VOLTAGE—Uses Analog Devices 
751N log module (dashed rectangle) for posi- 
tive inputs or 751N for negative inputs, with 
model 111 reference opamp and 230J chop- 
per-stabilized opamp. With input varying 
from 0 to 5 V, output will vary from 10 V to 
100 xV, representing one decade of output 
voltage change per volt of input voltage 
change.—W, Borlase and E. David, Design of 
Temperature Compensated Log Circuits Em~ 
ploying Transistors and Operational Ampli- 
fiers, Analog Devices, Cambridge, Mass., 
F020-10-3/69, p 12. 


+ 6 Volts 
-1<X < +f (Volt) 8 


0 <Y < 41 (Volt) 
10k 


OUTPUT 


DIGITAL LINE RECE{VER—Uses analog com- Y c “a 1V-FS 
parator IC to detect differential digital signal 
that may be riding on some common-mode Oo 
signal. Positive supply voltage is set for - 6 Volts 
logic-compatible output voltage level. Line 
termination shown eliminates reflection prob- 
lems of long line lengths, if RT is chosen for 
best match.—Applying the Model 5501 Mono- TWO-QUADRANT FOR D-C TO 10 MHZ—OEI at 1 V_ output.Applying the Model 5500 
lithic Analog Comparator, Optical Electronics, Model 5500 analog multiplier and two Monolithic Analog Multiplier, Optical Elec- 
Tueson, Ariz., No. 10147. opamps give wideband multiplier function tronics, Tucson, Ariz., No. 10138. 
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BIPOLAR OUTPUT 


-Output, -V, Pin 2 
*+Output, *V, Pin & 


Re sets the output zero level 
and the zero TC input Level. 


+ 15 Volts 


VOLTAGE FOLLOWER—Uses OE] Model 9186 
uhf opamp with compensation for stabilizing 
as voltage follower with gain of 10, bond- 
width of 30 MHz, and normal slewing rate of 
600 V per us.—A Wide Band Voltage Fol- 
lower, Optical Electronics, Tucson, Ariz., No. 
10108. 


FCT 
WAT 
crn 


FREQUENCY —MHz 


OUTPUT 


910 ohms 


100 ohms 


SYNTHESIZING PEAKED RESPONSE—Nonin- 
verting IC opamp duplicates transfer function 
expressed by equation given in book, to give 
Rn peaked response shown.—“Linear Integrated 
Circuits,” RCA, Harrison, N.J., 1C-41, p 250. 


POLAR LOGAMP—Two opamps and Model 
2421 diode cluster having log characteristics 
give 250-mV peak output, inverted in polar- 
ity from input, as temperature-compensated 
polar fogamp or as wideband bipolar logamp. 
—Applying the Model 9300 Monolithic Oper- 
ational Amplifier, Optical Electronics, Tucson, 
Ariz., No. 10134, 


+15y 


100k 


1N453 


INPUT OUTPUT 


BOOTSTRAPPING STOPS DRIFTS—Germanium 
diode and selected 7~meg resistor provide bias 
current compensation for voltage-fallower 
configuration of IC amplifier. Diode” boot- 
strapping to amplifier output provides high 
input impedance.—R. J. Widlar, Linear IC‘s: 
Compensating For Drift, Electronics, Feb. 5, 
1968, p 90-93 


ADJUSTABLE-GAIN AMPLIFIER—Gain depends 
on ratio of values used for R2 and Ri. Cir 
cuit requires common ground point. Power 
supply bypass capacitors should be disc ce~ 
ramic or equivalent high-frequency types. 
Use metal-film resistors for maximum band- 
width. OE 9300 opamp has 6 dB/octave 
rolloff over entire operating frequency range 
to 100 MHz.—Applying the Model 9300 Mono- 
lithic Operational Amplifier, Optical Elec- 
tronics, Tucson, Ariz., No. 10134, 
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IC BUFFER—Uses Fairchild ,zA709 opamp to 
provide any gain from unity to 25,000 with- 
out loading source. Clesed-loop gain is de-~ 
termined by values used for RI and R2. 
Equivalent input resistance can easily be 
made greater than 10 meg. Article contains 
13 other IC opamp application circuits.—J. F. 
Gifford and M. Markkula, Linear [C’s: Part 5, 
Ins and Outs of Op Amps, Electronics, Nov. 
27, 1967, p 84-93. 


Os Eins + 10 


Cammon 


oo a 


SQUARE-ROOT = CIRCUIT—Burr-Brown 


ANTILOG OPAMP—Extends logarithmic rela~ 
tion between forward current and voltage of 


9671 


squaring module is placed in feedback path 
of standard opamp, to produce at output the 
square root of an input signal between zero 
and 10 V. Accuracy is poor for small input 


amplitudes.—Negative Input General Purpose 
Research, 


Squaring Module,  Burr-Brown 
Tucson, Ariz., PDS-180A, 1968. 


silicon diode by canceling bulk resistance 


effect of diode at higher currents. Opamp is 
Fairchild A702; R is 20, RI is 500, and R2 
is IK. Common mode rejection of opamp 
makes grounding of reference terminals un- 
necessary.—S. Franco, Op Amp Log Circuit 
Eliminates Diode Bulk-Resistance Effects, Elec- 
tronics, June 9, 1969, p 101. 


NEG. FINE Ri 
GAIN ADy. 


ANALOG IN 
{NEG) 


ANALOG IN 
( POS} 


DE ANALOG ,OUT 


TPIS 


ZERO ADJ. 
(DC OFFSET) 


COMMON MODE 
BALANCE 


POS, FINE 


Sal ADS DIFFERENTIAL BUFFER—General-purpose dif- 


ferential buffer amplifier, designed for use 


ANALOG O000 with differential multiplexer and other ap- 
2 plications requiring high common-mode re- 
TP2 COMPONENT VALUE jection, can have differential gains of 1, 4, 
[cain] RSQRE | R5BRE| 8, or 10, depending on resistor values used. 
iy eee Available commercially as D-4083 plug-in 
Qn) » module containing IC and all components. 
ro pin 22 Circled numbers are etched board connector 
OOD a pins.—Integrated Circuit Logic Cards, Elec- 
tronic Engineering Co., Santa Ana, Cal., 1969, 

-22v @GD——> Pinas p DS73. 
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ohn sz 100nF 


ODT. 


ERROR COMPENSATION—Uses Philips TAA241 
difference amplifier with provision for com- 
pensating errors introduced by bias or offset 
current. Potentiometer adjustment procedure 
is given in report.—J. Cohen and J. Ooster~ 
ling, Applications of a Practical D. C. Differ- 
ence Amplifier, Philips, Pub. Dept., Elcoma 
Div., Eindhoven, The Netherlands, No. 321, 
1968, 


BOOSTING OUTPUT CURRENT—Adding com- 
plementary pair of emitter-followers to 
Philips TAA241 difference amplifier gives 
higher output current, Emitter resistors are 
used to prevent thermal runaway.—J. Cohen 
and J. Oosterling, Applications of a Practical 
D. C. Difference Amplifier, Philips, Pub. Dept., 
Elcoma Div., Eindhoven, The Netherlands, No. 
321, 1968. 


DIFFERENCE AMPLIFIER AS INTEGRATOR— 


vt=+15V 0 


Uses Philips TAA241 difference amplifier in 
connection that prevents feedback capacitor 
from being continuously charged by offset 
voltage. Circuit will operate satisfactorily 
only above its break frequency, which for 
values shown is 1.6 Hz.—J. Cohen and J. 
Oosterling, Applications of a Practical D. C. 
Difference Amplifier, Philips, Pub, Dept., El- 
coma Div., Eindhoven, The Netherlands, No. 
321, 1968. 


O +18 V 


VOVE VX <4t0V 
WOVeVy <4+10V 


OUTPUT 
OFFSET 
AQJUST 


70 
INPUT OFFSET 
ADJUST CIRCUIT 


Vo=-15V 


Rg 
K FACTOR 
ADJUST 


MULTIPLY WITH OPAMP LEVEL SHIFT—Accom- 
modates input voltages from ~—10 V to +10 
V without using 32-V supply. 1C multiplier is 


set up to provide product of input voltages 
divided by 75, and opamp supplies fixed 
closed-loop gain of 7,5.—E. Renschfer, The 


Monolithic Multiplier Breakthrough, “State-of- 
the-Art—Linears in Action,” Motorola, Phoe- 
nix, Ariz., 1969, p 27-36. 


Via 
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2kS2 400 k S2 


INVERTING AMPLIFIER WITH GAIN OF 50— 
Full-power frequency is 500 kHz and wide- 
band noise voltage 2 mV rms, Uses Philips 
TAA241 difference amplifier—-J. Cohen and 
J. Oosterling, Applications of a Practical D. 
C. Difference Amplifier, Philips, Pub. Dept., 
Elcoma Div., Eindhoven, The Netherlands, No. 
321, 1968. 


1k Se 10kS2 


2202 


SUBTRACTING AMPLIFIER—Uses Philips TAA- 
241 difference amplifier in circuit giving gain 
of 10 that is flat within 1 dB up to 8 MHz.— 


EK 


910 pF 


10kS2 100k 


91k Se 


INVERTING AMPLIFIER WITH GAIN OF 10-— 
Full-power frequency is 30 kHz and wideband 
noise voltage is only 0.5 mV rms. Uses Phil- 
ips TAA241 difference amplifier.—J. Cohen 
and J. Oosterling, Applications of a Practical 
D. C. Difference Amplifier, Philips, Pub. Dept., 
Elcoma Div., Eindhoven, The Netherlands, No. 
321, 1968. 


BOOSTING INPUT IMPEDANCE—Pair of emit~ 


ar? 


ter-followers ahead of Philips TAA241 differ- 
ence amplifier increases input impedance and/ 
or permits operation with smaller input cur- 
rent.—J. Cohen and J, Oosterling, Applications 
of a Practical D. C, Difference Amplifier, 
Philips, Pub. Dept., Elcoma Div., Eindhoven, 
The Netherlands, No, 321, 1968, 


J, Cohen and J, Oosterling, Applications of 
a Practical D. C. Difference Amplifier, Philips, 
Pub. Dept., Eleoma Div., Eindhoven, The 
Netherlands, No. 321, 1968. 


tk&2 100k 92 
vi 


Vo 


2292 10nF 


ke 100 pF 
INVERTING AMPLIFIER WITH GAIN OF 100— 
Will supply 10 V output at full-power fre- 
quency limit of 350 kHz. Wideband noise 
voltage at output is 1.2 mV rms from 2 Hz 
fo 1 MHz. Uses Philips TAA241 difference 
amplifier—J. Cohen and J. Qosterling, Ap- 
lications of a Practical D. C. Difference Am- 
plifier, Philips, Pub. Dept., Elcoma Div., Eind- 
hoven, The Netherlands, No. 321, 1968. 


FOLLOWER~Connection shown, for use with 
Philips TAA241 difference amplifier, gives 
unity gain. Input impedance is 7 meg and 
output impedance very low. Can handle sig- 
nals from +0.5 V to —0.4 V. Response is 
flat to 2 MHz.—J. Cohen and J. Oosterling, 
Applications of a Practical D. C. Difference 
Amplifier, Philips, Pub, Dept., Etcoma Div., 
Eindhoven, The Netherlands, No. 321, 1968. 
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ACTIVE RESISTOR—Two-terminal output has 
same voltage-current characteristic as fixed 
resistor. Offers possibility of cost saving, 
small size, ease of obtaining nonstandard 
values of resistance, and ability to act as 
load or ballast at low resistance values. Be- 
haves like shunt regulator. Noninverting in- 
put of opamp senses fraction of load voltage 
and attempts to maintain this voltage 
(across R) the same as at noninverting input. 
Bandwidth is 1 MHz. R3 suppresses tran- 


sients.—An Active Resistor, Optical Electron- 
ies, Tucson, Ariz., No. 10148. 


ROOT-MEAN-SQUARE CIRCUIT—Operations of 
square and square-rooting are combined to 
give rms averaging circuit accepting bipolar 


inputs. Uses two Burr-Brown 9671 squaring 
meduyles combined with four standard 
opamps. Averaging time of circuit is de~ 


termined by choice of values for low-pass 
filter elements R2-Cl. Filter bandwidth 
should be small compared to bandwidth of 
signal being measured.—Negative Input Gen- 
eral Purpose Squaring Module, Burr-Brown 
Research, Tucson, Ariz., PDS-180A, 1968. 


101k G2 


100kKS2 


EXPANSION FUNCTION—Thyrite varistor and 
OE! opamp together give expansion function 
heaving exponent greater than unity. By se- 
lecting varistor, squaring, cubic, and quad- 
ratic functions may be created.—Applying the 
Model 9302 Monolithic Operational Amplifier, 
Optical Electronics, Tucson, Ariz., No. 10135. 


Yo 


NONINVERTING WITH 100 GAIN—Uses Phil- 
ips TAA241 difference amplifier. Wideband 
noise voltage is 1.1 mV rms. Frequency re- 
sponse is flat to 1 MHz.—J, Cohen and J. 
Oosterling, Applications of a Practical D. C. 
Difference Amplifier, Philips, Pub. Dept., El- 
coma Div., Eindhoven, The Netherlands, No. 


ZIKQ ath 321, 1968. 


~24v 


50-W OPERATIONAL POWER AMPLIFIER— 
Uses pair of silicon transistors in output stage, 
upper of which is driven by emitter-follower 
fed by opamp, in Darlington configuration. 
320-kHz rolloff network between inputs of 
opamp ensures stability down to unity gain. 
Circuit provides closed-loop gain from 2 to 
about 20.—B. J, Losmandy, Operational Am- 
plifier Application for Audio Systems, Opamp 
Labs, Los Angeles, Cal., 1968. 


10K 10K 


ourPur 


ABSOLUTE-VALUE CIRCUIT—-Use of germa- 
nium gold-bonded diodes with OEI| opamp 
improves high-frequency” operation and low~ 
level signal operation beyond that obtained 
with silicon diodes. Circuit has positive out- 
put, made negative by reversing both diodes. 
Useful bandwidth is d-c to 100 kHz.—Apply- 
ing the Model 9300 Monolithic Operational 
Amplifier, Optical Electronics, Tucson, Ariz., 
No, 10134, 
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CA3008 
OR 
CA3008A 


Vout 


q 


IC OPAMP AS INTEGRATOR—External circuit 
provides d-c feedback, so offset voltage can- 
not continuously charge feedback capacitor 
until amplifier limits. D-c gain is 20 dB. 
Weighting factor of integration is about 1 ms. 
—‘Linear Integrated Circuits,” RCA, Harrison, 
N.J., 1C-41, p 252, 


SCALING ADDER—Uses IC opamp with invert~ 
ing feedback for summing and weighting two 
different input signals. Weighting is possible 
because virtual ground existing at junction 
of feedback resistor and inverting input ter~ 
minal 3 isolates each signal channel from 
others.—“Linear Integrated Circuits,” RCA, 
Harrison, N.J., IC-41, p 254, 


+6V 


CIRCUIT Q= 33.3 


CA3008 
OR 
= CA3S008A 


{TERMINALS 
5,7,8,1/ 
OPEN) 


1500 pF 


100-KHZ NARROW-BAND—Inverting-type IC 
opamp is connected as tuned amplifier having 
peak response shown.—“Linear Integrated 
Circuits,” RCA, Harrison, N.J., I1C-41, p 251. 
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C= .01, O.1,or 1pF 


Switch 
Control 


ON for INTEGRATE 


H 
| OFF for HOLD 
H 
} 
“ 


ANALOG INTEGRATOR—Burr-Brown 9859/15 
electronic switch feeds opamp to give choice 
of either integrate or hold modes of opera- 
tion. With integrate mode (produced by +5 
V at switch control), circuit behaves like low 
fixed resistance and can accommodate input 
currents up to 1 mA. In hold mode, switch 
resistance is almost infinite, isolating summing 
inputs from amplifier. Chief error is due to 
switching time, which is under 10 js.—Inte- 
grate/Hold Electronic Switch, Burr-Brown Re« 
search, Tucson, Ariz., PDS 189, 1967. 


0.2 paf 


Ey 


LIMITER AND RESETTER—Electronically variable 
limiter for opamp has very high input im- 
pedance for controlling pulse, while acting as 


INPUT 
eo 


Eour 


single-ended fet pulse gate for resetting of 
opamp integrator,—P, A. Ralatos, FET Limits 
and Resets Operational Amplifiers, Electronic 
Design, Nov. 8, 1965, p 5456. 


OuTPUT 
lex! 


a Tr 
R,/R5 = 1.000 =, 


ABSOLUTE VALUE—Provides high accuracy yet 
tequires only one pair of accurately matched 


resistors (R1 and R5). Opamp Al serves as 
inverter and A2 as voltage follower. Input 


can be up to 1 kHz, which is adequate for 
analog-digital converter system.—M. A. 
Smither, Improved Absolute-Value Circuit, 
EEE, March 1969, p 124. 
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VARIABLE-GAIN IC—Provides continuously ad- 
justable gain with single pot, for matching 
circuit sensitivity to input signal levels. Input 
attenuation network R3-R4 minimizes com- 
mon-mode errors. Circuit gain can be varied 
from less than unity to very high upper limit. 
—W. D. Miller, Minimizing Common-Mode 
Errors in a Variable-Gain Amplifier, Electron. 
ics, June 23, 1969, p 104, 


ELECTRONIC 


10k 


OUTPUT 


(NPUT 


NONINVERTING AMPLIFIER—Variable resistor 
RI provides bias current compensation for 
linear IC that has fixed source impedance. 
R1 should be three times source impedance. 
Will handle wide temperature range, and is 
unaffected by power supply or common mode 
variations.—-R J. Widlar, Linear IC’s:; Com~ 
pensating For Drift, Electronics, Feb. 5, 1968, 
p 90-93, 


effect of silicon 
amplifier. 


mon mode 


9, 1969, p 101. 
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UNITY-GAIN FEED-FORW ARD—First two 
stages of Motorola opamp are bypassed for 
high frequency and signal is inserted at in- 
put to third stage. Gives output of 10 V 
p-p at 1 MHz. Operating information is 
given in Motorola Application Note AN-439. 
—K. Huehne, The Continuing Dominance of 
the Operational Amplifier, “State-of-the-Art— 
Linears in Action,“ Motorola, Phoenix, Ariz., 
1969, p 5-13. 


LOG OPAMP—Opamp cancels bulk resistance 


diode, to permit working 


with larger forward currents in logarithmic 
Opamp is Fairchild A702; R1 is 
500, R2 and R3 are IK, and R is 20., Com- 
rejection of 
grounding of reference terminals unnecessary. 
—S. Franco, Op Amp Log Circuit Eliminates 
Diode Bulk-Resistance Effects, Electronics, June 


opamp makes 


OUTPUT 


CONSTANT BANDWIDTH—Use of two matched 
fet’s with IC d-c amplifier compensates for 
phase lag of amplifier through range of gain 
values, to keep bandwidth constant. 
gives design equations.—G. Fontaine and G. 
Reboul, Matched FET’s Stabilize Amplifier’s 
—— Bandwidth, Electronics, May 25, 1970, p 93. 


Article 
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vy 
TO 
INPUT 
OFFSET 
AQJUST 
CIRCUIT 


§ 
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+18 


2hk 


100k 
W% 


K FACTOR 
AQJUST 


DIVIDE (SWITCH S} 
gnvZ 
Yo" i 
O<Vy<50V 


SQUARE ROOT WITH MULTIPLIER AND DUAL 
OPAMP—Also performs division of two input 
voltages, when multiplier is used in opamp 


TO 
INPUT 
OFFSET 
AQJUST O 
CIRCUIT 


MC1595L 


OPEN) SQUARE ROOT (SWITCH Sy CLOSED) 


NO Vy INPUT 


200 
Va = -V2 00 pF 


O<Vz< Vv 


feedback loop.—E, Renschler, The Monolithic 
Multiplier Breakthrough, ‘‘State-of-the-Art— 


Linears in Action,” Motorola, Phoenix, Ariz., 
1969, p 27-36. 


ROOTING FUNCTION—OE! opamp circuit 
combined with thyrite varistor gives function 
having exponent less than unity, Opamp 
permits full 10-V swing with either polarity 
to 100 kHz but varistor may reduce this 
bandwidth. Single varistors provide expo- 


nents of 0,25 to 0.5, and combination of varis- 
tors with or without resistors and diodes gives 
wide variety of other nonlinear functions.— 
Applying the Model 9302 Monolithic Opera- 
tional Amplifier, Optical Electronics, Tucson, 
Ariz., No. 10135. 


10K 


DIVIDE (SWITCH $1 OPEN) 


Q1, 03 ~ 2N9304 
Q2 - 2N2905A 
* OR MO6100 


OUTPUT 
OFFSET 
ADJUST 


SQUARE ROOT (SWITCH $1 CLOSED} 


K FACTOR NO Vy INPUT 
ADJUST Vp =44VZ 
5K 

Vz>0 


o 
~16V 


DIVIDE AND SQUARE ROOT—Combination of 
Motorola opamp and linear four-quadrant 
multiplier used as feedback element provides 
functions of division or square root, along 


with discrete level shift. Operating informa- 
tion is given in Motorola Application Note 
AN-490.—K, Huehne, The Continuing Domi- 
nance of the Operational Amplifier, “State- 


of-the-Art—Linears in Action,” Motorola, 


Phoenix, Ariz., 1969, p 5—13. 
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g Cin ™ 5 pF approx, 
Signal source 


POSITIVE VOLTAGE FOLLOWER—Uses OEI 
9300 opamp as unity-gain amplifier serving : 
as buffer for signal source when driving 50-DB NONINVERTING—-IC opamp with 


lower-impedance circuit or transmission line. phase-lead compensation has 3-dB bandwidth 

Requires 6-V bipolar supply. With 1,000-ohm of 3.5 MHz and unity-gain crossover at 150 VOLTAGE FOLLOWER—Connection shown for 

generator impedance, bandwidth is above MHz.—"'Linear Integrated Circuits,” RCA, Har- IC opamp, with terminals 5 and 9 shorted, 

10 MHz.—Applying the Model 9300 Mono- rison, N.d., IC-41, p 260, will transform 3.4 V p-p from 100,000-ohm 

lithic Operational Amplifier, Optical Elec- source to 470-ohm load. Higher voltage 

tronics, Tucson, Ariz., No. 10134. swing may be obteined by increasing posi- 
tive supply voltage.—“Linear Integrated Cir- 
cuits,” RCA, Harrison, N.J., IC-41, p 263, 

10K 


THREE-MODE CONTROL—Uses two electronic 
10K switch modules feeding opamp. Reset mode 
is obtained with 9580 ON (0 V at control) 
and 9859 OFF (0 V at its control), Compute’ 
mode is obtained with 9580 OFF (+5 V at 
control) and 9859 ON (+5 V). Hold mode 
is obtained with both switches off.—Integrate/ 
Hold Electronic Switch, Burr-Brown Research, 
Tucson, Ariz., PDS 189, 1967. 


Switch 
Control 


NON-]NVERTING 
INPUT 


INVERTING 


OUTPUT 


2N2060B LOW-LEVEL TRANSDUCER SIGNALS—Provides | Same gain can be obtained without middle 


gain of 3,000,000 for transducer signals as 1C if stability requirement is less stringent, 
low as a few millivolts, with high input im- by changing values of some components to 
pedance and high stability. First two IC those given in article. 2N2060B is transistor- 
opamps are Fairchild »A726, used for tem- pair IC.—J. F, Gifford and M. Markkula, Lin- 
perature stabilization and to prevent loading ear IC’s: Part 5, Ins and Outs of Op Amps, 
of high-impedance transducers, Fairchild Electronics, Nov. 27, 1967, p 84—93. 

#A709 opamp at right provides most of gain. 
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CA3008 
OR 
CA300BA 


of 
t 
J 
i 
| 1 
1 | 
sera 9 -6V 


OIFFERENTIATOR—IC opamp with connections 
shown will serve as differentiating circuit, TWIN-T BANDPASS—With values shown, gain 
giving output peak for each side of square- js peak of 33 dB at 1 MHz and 3-dB band- 
wave input.—"Linear Integrated Circuits,“ width is about 0.1 MHz with twin-T network —10-DB GAIN AT 42 MHZ—Uses noninverting IC 
RCA, Harrison, N.J., IC-41, p 253. in feedback loop.—“Linear Integrated Cir- opamp with phase-lead and phase-lag com- 
cuits,” RCA, Harrison, N.J., IC-41, p 261. pensation, Response peaks about 2 dB at 
20 MHz.—"Linear Integrated Circuits,” RCA, 

Harrison, N.J., IC-41, p 261. 


HIGH-ACCURACY IC SIGNAL MULTIPLIER— ~18y +15 


First Fairchild .A709 IC opamp supplies cur- 
rent proportional to one positive input volt- tiplies. Second A709 converts resulting out- ° Gifford and M. Markkula, Linear IC's: Part 5, 


age. Other input is fed directly to base of | put current to voltage having desired scale Ins and Outs of Op Amps, Electronics, Nov. 
Q1 in differential pair of uA726 IC that mul- factor, with low output impedance.—J. F. 27, 1967, p 84-93. 


NOTE: To locate additional circuits in the category of this chapter, use the index at the back 
of this book. Check also the author's “Sourcebook of Electronic Circuits,” published by 


McGraw-Hill in 1968. 


CHAPTER 57 
Optoelectronic Circuits 


+24N 


INPUT FROM 
i PHOTOMULTIPLIER 
FAX PHOTOMULTIPLIER AMPLIFIER—Raytheon 


Raysister lamp-photoconductor, similar to 
CK1116 but with extremely small filaments 
for fast response (dashed box), improves re- 
sponse speed of baseband photomultiplier 
amplifier for AN/GXC-5 portable facsimile 
system that transmits graphic material. 
Diodes can be 1N2069.—H. Weisbecker, De- 
signing a Feedback System? Control It With 
a Photo Emitter-Sensor, Electronic Design, Aug. 
30, 1965, p 32 and 34~35. 


OUTPUT 


90 +150V 


bw 
1S) 
zy 
4 
= 
iss} 
One 
O 
R 
g 
410 K Yo 
Ve 
.e) 
3 Rio 2 Ri2 
47 K 220 
o— -O —~O-—O 
WIEN-BRIDGE VCO-—Changing d-c control cell resistances in arms of bridge, to vary 1 dB and is reasonably sinusoidal.--Raysistor 


voltage applied to lamps of CK1102 or CK output frequency over range of 10 Hz to 50 Optoelectronic Devices, Raytheon, Quincy, 
1112 Raysistor pair changes values of photo- kHz. Output has constant amplitude within Mass., 1967, p 20. 
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450K 
Unregulated 


DC Input 
(Ebb) 


RAYSISTOR CONTROL—Uses combination lamp 
and photocell in single package to sense out- 
put voltage and apply appropriate controlled 


Varying 
Input 


+av 


$N74HOO 
INPUT 


—6yv 


5000 pf 


6528 


CK1102 
or 
CKI121 
R 


voltage to grid of series regulator triode. 
Report gives design calculations, Good 
regulation is obtained for 100 V d-c output 


200V 


Spf 


10 pf 


525 


Wy —— ~~ 


Regulated DC 


Output (¥) Load 


when input varies from 200-400 V.—Raysis- 
tor Optoelectronic Devices, Raytheon, Quincy, 
Mass., 1967, p 13, 


AGC—Provides 20 dB dynamic control range, 
with no change in frequency response or 
bandwidth, good isolation, and no added 
noise, Uses light source and photocell com- 
bined in light-tight case,—Raysistor Optoelec- 
tronic Devices, Raytheon, Quincy, Mass., 1947, 
p?. 


4.7K (Reo) 


Last [F Stage, Detector 
© or Output Transformer 


DIGITAL SIGNAL ISOLATOR—Provides isola- 
tion of peripheral equipment from computer 
to suppress high-voltage effects and electro- 
magnetic interference without affecting speed 
at which digital data is transmitted. Maxi- 
mum transfer rate of photodiode-coupled iso- 
lator circuit is about 7 MHz. Digital input 
signal activates light-emitting gallium arse~ 
nide diode coupled to silicon diade detector by 
clear epoxy.—G. L, Burkart, Optical Isolator 
Speeds Digital Data Transmission, Electronics, 
Nov. 10, 1969, p 104, 


OUTPUT 
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OFF-ON SWITCH 
Oo 


CONTROL 
KNOB 


BACKGROUND CONTROL FOR A-M FAX— 
Raytheon CK1116 lamp-photoconductor 
{dashed box) and Darlington in feedback 
loop provide background control for a-m 
facsimile signal generated in AN/GXC-5 
portable facsimile system for transmitting 
graphic material, Also generates audio fre- 
quency-shift signal between 1,500 and 2,300 
Hz, below 2,400-Hz a-m carrier, Output moy 
be transmitted by radio or over phone lines. 
Article gives design equations.—H. Weis- 
becker, Designing a Feedback System? Con- 
trol It With a Photo Emitter-Sensor, Electronic 
Design, Aug. 30, 1965, p 32 and 34—35. 


ey 


CONTROL LAMP 


6V FEEDBACK LAMP 
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PHOTOELECTRIC APPLIANCE CONTROL—~Low- 
cost speed control for small universal motor 
in kitchen appliances or for lamp loads up 
to 60 W requires only cadmium sulfide cell, 
lamp, and knob-controlled vane. Additional 
6-V lamp provides optoelectronic feedback 
for speed regulation. Performance equals 
that of two scr’s back-to~back.—Bargain Com~ 
ponents, Electronic Design, Oct. 12, 1964, p 


45, 
R, 150 20W aoe 


iN2069 


15M 100K 


“T 


+24V 


£068 


fo 


‘OUTPUT 


+ 


AUDIO PHASE SHIFTER—Raysistor serves as 
variable resistance in servo loop, to provide 
constant phase shift of 90 deg within 2 deg 


from 200 to 2,000 Hz, Initial control voltage 
applied to Raysistor lamp, value of Cl, and 
operating frequency range are mutually in- 


terdependent, and affected by choice of tran- 
sistors.—Raysistor Optoelectronic Devices, Ray~ 
theon, Quincy, Mass., 1967, p 23. 


OPTOELECTRONIC CIRCUITS 


INPUT 


LAMP DRIVE—Simple ujt pulse generator gives 
20-ms fast-rise pulses for driving solid-state 


lamps. RI changes frequency, and Cl 
changes frequency range and pulse width. 
With 15-V supply, frequency range is 10 to 
200 pps.—L. M. Hertz, Solid State Lamps— 
Part Il, General Electric, Cleveland, Ohio, No. 
3-0121, 1970, p 23. 


BLOCKING-OSCILLATOR DRIVE FOR SSL— 
Flashes from solid-state lamp are controlled 
by applying trigger voltage to blacking oscil- 
letor.—L. M. Hertz, Solid State Lamps—Part 
lf, General Electric, Cleveland, Ohio, No. 
3.0121, 1970, p 8. 


2V. TRIGGER 


art 


12KQ 


\20pf 
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LIGHT-BEAM MODULATOR—Two-transistor 
modulator is linear up to 80% modulation of 
light beam generated by gallium arsenide 
solid-state lamp. Bandwidth is 30 Hz to 
250 kHz.—L. M. Hertz, Solid’ State Lamps— 
Part Il, General Electric, Cleveland, Ohio, No. 
3-0121, 1970, p 8. 


——> 


2N 388A 


SMOKE DETECTOR TRANSMITTER—Uses gal- 
fom lium arsenide lamp pulsed at 10 pps by re- 
laxation oscillator Q1-Q2, Draws only 0,7 
mA from pair of D flashlight cells, Used 
with four mirrors to provide 8-inch optical 
path to sensor in receiver.—L. M. Hertz, Solid 
State Lamps—Part Il, General Electric, Cleve- 
land, Ohio, No, 3-0121, 1970, p 31. 


+27V 


© REG. * <= 30mA DC 


== 500 mA PULSE 


+ 
O 1.2 TOLSVOC 
47 put 
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LIGHT-BEAM MODULATOR—Gallium arsenide 
solid-state lamp can be modulated at fre- 
quencies up to 100 MHz, depending on SSL 
used, with conventional :-f transistor power 100 ut 
amplifier. Transistor types depend on fre- 
quency and on pnt requirements of SSL RF input O-} 
used.—L. M. Hertz, Solid State Lamps—Part 

ll, General Electric, Cleveland, Ohio, No. 3- 

0121, 1970, p 6. 


CK1101 


UNDERVOLTAGE PROTECTION—When supply 
voltage drops below predetermined level 
established by zener, voltage across neon 
lamp in Raysistor drops below extinguishing 
voltage and it goes out, increasing photocell 
resistance and turning off transistor QI, to 
drop load current essentially to zero.—Ray- 
sistor Optoelectronic Devices, Raytheon, 
Quincy, Mass., 1967, p 26. 


12 - PULSE TRANSFORMER 1:1:1 
ALADDIN PART NO. 90-2378 


T3 - TURNS RATIO 1:1-82 4KVA 


ALL RESISTORS #10% AND 1/2 WATT EXCEPT WHERE MARKED 


Ri- 22k 
CRI THRU CR4- G.B. AI3D OR Al4D ares 
CRS = G.E. ZAXL22 aay 18k 

hb GE AIS OF ADP Ra - 1GK MULTI-TURN TRIM POT 

CR7 ~ CRB- G.E, 1611423 
RS ~ 10K 
Cl- 1OME, 25 VDC G.E. 62204 is 0K 
MINIATURE TUBULAR WET SLUG CAP, i 

€2 = 0.22 UF, 50 VDC B7 2'2.2K 
210% GE, 75PIRS-244A RB - 2.2K 
Ql - Q2- G.E, 2N2925 RP - 5.6K 
3 - G.E. 2N2646 RIO~ 47K 


SCR] ~ SCR2- G.E. COU or C106Y RIT ~ 8.2K, 10 WATT 
$CR3- SCR4- G.E, CI35E OR C35E R12= 1.5MEG 
Ti- 220 V RMS PRIMARY RI9- 1K 
12 V RMS SECONDARY iia = Ris = wo ora 


100 MA RMS RATED 
SECONDARY CURRENT RIG - 9K 45%, 14 WATTS 


3-KW A-C VOLTAGE REGULATOR—Holds a-c 
load voltage constant at 300 V for a-c line 
drop fram 220 V to 190 V, and allows output 
to drop only 1.5 V for input jump to 250 V. 
Lamp L? across load, sealed into photocell 
PC as GE PL5BI, gives sensing of phase-~ 
controlled true rms load voltage, which is 
initially adjusted to desired 300 V by trim~ 
pot R4 in bridge. Article describes circuit 
operation in detail, tells how to adapt for 
soft-start during initial transient condition 
when circuit is turned on, and shows how 
to use as current regulator.—J. L. Brookmire, 
AC Voltage or Current Regulator Featuring 
Closed-Loop Feedback Control, General Elec- 
tric, Syracuse, N.Y., No. 200.46, 1966. 


OPTOELECTRONIC CIRCUITS 


ia 
$15 V REMOTE-CONTROL POT—Circuit is set up by 
470 adjusting R2 until RI plus R2 equals R3, then 
Ry adjusting R5 until output photocell resistance 
100 K 
2N465 
CK1114 
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R4 equals R1 plus R2. Circuit then operates 
as linear remotely-controlled pot in which 
error signal at input of amplifier produces 
control current change in Raysistor lamp ciré 
cuit that corrects R3 to make it equal to RV 
plus R2. Output resistance R4 across con~ 
trol lines then varies linearly with change 
made in R2. With values shown, R4 fol- 
lowed changes in R2 settings within 5% over 
range of 1,000 to 100,000 ohms.—Raysistor 
Optoelectronic Devices, Raytheon, Quincy, 
Mass., 1967, p 25. 


CKIN14 


~I5VO 


ISOLATED-INPUT TRIGGER FOR TRIAC~6-V 
lamp, which may be energized remotely from 
battery, is sealed in box with cadmium sul- 
fide photocell. When lamp is on, photocell 
triggers triac just after start of each half- 
cycle, to give full-wave switching of loads up 
to 6 A, Use RCA 40429 triac for 120 V and 
40430 for 240 V.—R. M. Marston, 20 Triac Cir- 
cuits, Radio-Electronics, June 1970, p 51-53 
and 97, 


120 OR 
240 VAC 


Li4A 502 


silicon phototransistor is rotated about its 
light-detecting center, each radiated light 
pulse in turn can be seen on scope, for de- 
termination of position of phototransistor.— 
POSITION DETECTOR—Three ujt oscillator cir L. M. Hertz, Solid State Lamps—Part fl, Gen- 
cuits each drive solid-state lamp SSL-5C at eral Electric, Cleveland, Ohio, No. 3-0121, 
different pulsing rate. As L14A502 planar 1970, p 22. 


LIGHT- 
EXCLUDING 


TUBE 


0 BIAS 


INPUT (~) No48 (€) = OUTPUT 


OPTICAL DOUBLER—Provides complete circuit 
isolation along with frequency doubling. 
Range is from d-c to 500 Hz for lamp shown, 
to 2 kHz for No. 2128 lamp, and to 10 kHz 
for pinlite. With switched d-c bias that ex- 
tinguishes lamp on negative half-cycle, pro- 
grammed output of f or 2f can be obtained. 
Distortion is lew.—R. Dobkin, Simple Low- 
Frequency Doubler Provides Isolation, Elec- 
tronic Design, Dec. 21, 1964, p 54-55. 
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MDA-920-7 
D1-D4 


CLAIREX 
CL605 


TUBE 


105 TO 250 v 
Ac 
POWER 
SOURCE 


SPRAGUE 
11212 


L1— 150 WATT PROJECTION LAMP WITH 


BUILT-IN REFLECTOR MIRROR 


0~5¥ Variable Supply 
Grounded 


AUTOMATIC CONTRAST CONTROL—When 
lamp of Raysistor is energized by amplified 
video signal, automatic contrast contro! is 
obtained over range of 60 dB along with up 
to 25 kV isolation. Lamp filament provides 
automatic averaging effect because of its 
thermal inertia.—Raysistor Optoelectronic De- 
vices, Raytheon, Quincy, Mass., 1967, p 15. 


Ry 
33k 
OTL 


Q 
2N3904 


RELAY ISOLATOR—Gallium arsenide 
emitting diode, optically coupled fo silicon 
‘psi-n photodiode, combine to produce com- 
plete electrical isolation between IC driver 


noise and spikes, 


light- == and 400-ohm relay, thus eliminating relay 
With no light reaching is 
photodiode detector through light pipe, pho- 
todiode is at maximum impedance of 5 gig- 
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100-V REGULATOR FOR PROJECTION LAMP— 
Holds rms voltage across 150-W lamp within 
2% of 100 V rms for all input voltages be- 
tween 105 and 250 V a-c. Uses photoelec- 
tric feedback to firing circuit Q1-Q2 which 
controls conduction angle of triac Q3. Pho-~ 
tocell senses red glow of back of reflector 
inside lamp, as heated by filament, to get 
integration of light output by mass of reflec- 
tor and thereby eliminate 60-Hz modulation 
of filament.—“Semiconductor Power Circuits 
Handbook,” Motorola, Phoenix, Ariz,, 1968, 
p 3-27. 


=_ 
v 


TAPE READER FOR PULSED LIGHT CIRCUITS— 
Designed for use with gallium arsenide and 
gallium phosphide lamps that can be pulsed 
at high repetition rates, to give low-drift per« 
formance of chopper amplifier without using 
chopper transistor. With low duty cycle, 
higher peak light intensities can be obtained 
than are available from fixed light sources. 
Can also be used for reading punched cards. 
—Silicon Photocell Applications, Ferranti Ltd., 
Oldham, Lancs., England, No. 9, 5/67, p 10. 


ohms, Q2 and Q3 do not conduct and relay 
not energized.—W, Otsuka, Photodiode 
Coupled Pair isolates DTL from a Relay, Elec- 
tronics, July 21, 1969, p 82. 


CHAPTER 58 
Oscillator Circuits—A-F 


1-15 KHZ WIEN BRIDGE—Uses Philips DOA4O 
IC opamp. With 12-V supply, output is 18 
V p-p sine wave (about 6 V rms), Ganged 
pots in two branches of bridge control fre- 
quency. When set at 2,000 Hz, output did 
not drift more than 2 Hz during 8 hours of 
operation.—Wien Bridge Oscillator Using the 
DOA4O, Philips, Pub. Dept., Elcoma Div., Eind- 


hoven, The Netherlands, No. 27. 


STABLE AT 33 HZ—Output frequency is made 
stable to a few parts in 10,000, with essen- 
tially constant output voltage, by adding 
negative feedback to fet oscillator Q1 having 
unbalanced parallel-T network. Output of 
Q1 at 33 Hz is fed through buffer Q2 and 


+30¥ 


QUTPUT 


MERCURY 
CELL 


0.005pF 
ico 


rectified to charge integrating capacitor C5. base of Q4 to vary bias of QI] and compen- 
Voltage across C5 is compared to stable d-c sate for output amplitude variations.—L. Mour- 
reference (1.35-V mercury cell) in difference lam, Jr., Feedback Loop Stabilizes FET Oscil- 
amplifier Q3 and error signal is applied to lator, Electronics, Sept. 4, 1967, p 97. 


531 


532 


+6V0 


200nsec 
ms 
be. ol 


40nsec 20nsec 


0-10 MHZ TRANSFORMERLESS BLOCKING-— 
Furnishes narrow fasterise pulse from low- 
impedance output, with value of C1 determin« 
ing width of pulse. Requires —6 V trigger 
with fall time below 40 ns. Operates from 
dc to above 10 MHz,—C. A. Karrfalt, Block- 
ing Oscillator Operates Without Transformer, 


gh 
+ IS VOLTS 
“3H 
Cl, GE 7SFIRI-102 
C9, GE TSFBR!-105 
CHIRP OSCILLATOR—Uses D13T1_ program- 


mable ujt, Oscillation starts when switch is 
open, with decreasing amplitude as shown, 
and stops in about 1 s or until switch is 
closed.—W. R. Spofford, Jr, The DIST—A Pro» 
grammable Unijunction Transistor, General 
Electric, Syracuse, N.Y., No, 90.70, 1967, p 9. 


+125V0C 


25K 


OUT 


1~10 HZ NEON—Simple subaudio dual relaxa- 
tion oscillator uses close-tolerance neon lamps. 
Clamping diode type is not critical,-E. Bau- 
man, “Applications of Neon Lamps and Gas 
Discharge Tubes,” Signalite, Neptune, N.J., 
p 35. 


OUTPUT 


w 
~ = a 
ro of 
(ral 
oo le 
1 TR 
NO LOAD 220pf LOAD 
W S6nsec 70 nsec 
TT, l@nsec 25 nsec 
T, [Snsec 99 naec 


"400 Ideas for Design Selected from Elec« 
tronic Design,” Hayden Book Co., N.Y., 1964, 
p 190-191, 


= ALL TRANSISTORS 
DIODES .... SILICON, 


KEYED TWIN-T—Produces 1 pps of 160-Hz 
signal when Cl and C2 are 1,000 pF and C3 
is 2,000 pF, Amount of regeneration in os- 
cillator is determined by R1 and R2 in series; 
these are adjusted so circuit will not oscillate 
unless R2 is short-circuited by QI. Rate at 


adnate 2N3053 npn SILICON 


ELECTRONIC CIRCUITS MANUAL 


ELIMINATING UJT START-UP ERROR-Addi- 
tion of transistor to basic ujt oscillator com~ 
pensates for timing error due to time taken 
to charge capacitor during first cycle after 
power is applied. Q2 saturates when power 
is applied, charging C rapidly, Q@2 is then 
cut off, and current then flows into C con- 
ventionally through timing resistor Rt.—J. V. 
Crowling, Modified UJT Oscillator Has No 
Timing Error, FEE, Dec, 1966, p 120-121, 


TWIN~ T 
OSCILLATOR 


START-STOP 
CIRCUIT 


MULTIVIBRATOR: 
CAN BE USED 
TO CONTROL 
START~ STOP 
CIRCUIT 


which oscillation builds up will then depend 
on setting of RT, and rate of decay by setting 
of R2. Mvbr turns QI on and off.—D. E. 
Johnson, Circuit Keys Twin-T Oscillator With~ 
out Generating Transients, Electronic Design, 
Aug, 16, 1969, p 246. and 248. 


OSCILLATOR CIRCUITS—A-F 


CRYOGENIC-DIODE 
eryogenic diode cooled by liquid nitrogen ex- 
hibits negative resistance required for relaxa- 
tion oscillator operating in range of 30 Hz 
to 30 kHz, depending on value of C. Output 
amplitude ranges from 0.4 to 1.5 V, depend- 


OSCILLATOR—Low-cost 


ing en diode used. Stability is excellent.— 
E, Elad, Low Temperature Triggers Diode Re- 
laxation Oscillator, Electronics, Aug, 21, 1967, 
p 90, 


SIVA 


~l2v 


CONSTANT-CURRENT CHARGING—IC opamp 
with fet supplies charging current for ujt re- 
laxation oscillator Q2, to give differential 
linearity better than 01% for output fre- 
quency varying from 0 to 1,400 Hz.—J. M. 
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Kootsey, FET and IC Keep Oscillator Linear, 
Electronics, Aug. 19, 1968, p 84. 


Cz VALUES 
67 - $50 cps O03 pf 
150-650 cps 0.25 


¢ 
650 - 800 cps O2 Mt 
800 - 1600 cps Ol jet 


REED-CONTROLLED AUDIO—Resonant-reed re- 
lay stabilizes two-stage feedback oscillator 
T1-12, Frequency depends on C2 and relay; 
ranges obtained with different values for C2 
and either of two Bramco relays are given. 
Oscillator buildup time is 0.1 to 60 s after =}. 
random noise starts reed oscillating, depend- 
ing on frequency and feedback setting.— 


Resonant Reed Stabilizes Audio Oscillator LOAD 
Frequency, Electronic Design, Nov. 29, 1965, 
p 76~77. B~ 
BRAMCO 
RE-I 
OR 
RE-10 


Experiment with this 
value for best effect 


117L7GT 
By 1A 


Twisted 
poir 


TRAIN WHISTLE~RI, which may be remotely 
located, determines tone of whistle. Place it 
near train controls, with speaker at other end 
of track layout. TI is audio output trans- 
former with 5K primary and 4 or 8 ohm sec- 
ondary. Other values are: C1 0.047 yf, but 
try other values for best tone; C2 0,015 iF; C3- 
C4 20 uF; RI 2K pot; R2 2.7K; RB 39K; R4 
270.—R. M. Brown, “104 Simple One-Tube 
Projects,” Tab Books, Blue Ridge Summit, Pa., 
1969, p 107. 


Use junkbox spkr 


534 


ELECTRONIC CIRCUITS MANUAL 


+15 


lOuF 
GE76FO2FCIOO 


INITIATE + 


A-F TONES WITH H RESONATOR—Twintron 
H-shaped piezoelectric resonator with Q of 
4,000 is used with single transistor to gener- 
ate audio tone that can be tuned from 20 
kHz down to fraction of hertz. Over 1,000 
stations can be connected to tone communica= 
tion system, each having its distinct tone fre- 
quency for actuating Twintron receiving 
resonator at central station, One application 
is automatic reading of electric meters in pri- 
vate homes with tones transmitted over tele- 
phone lines.—H. Baker and J. R. Cressey, H- 
Shaped Resonators Signal Upturn In Tone 
Telemetering, Electronics, Oct. 2, 1967, p 99— 
106, 
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220 pF} 1 WATT 
(" 2N3635 


PRE-TIMED 1-KHZ OSCILLATOR—Circuit uses 
D13T2 programmable ujt as 1-kHz oscillator. 
Timing section is formed by 2N2926 transistor 
{used as zener), 100K resistor, and 10-yF 
When power is applied, D13T2 
Pushing INITIATE switch charges 


capacitor. 
latches up. 


capacitor to full 15 V. Circuit then oscillates 
until capacitor discharges to point where 
D13T2 latches up again.—W. R. Spofford, Jr., 
The D13T—A Programmable Unijunction Tran- 
sistor, General Electric, Syracuse, N.Y., No 
90.70, 1967, p 9. 


5-20 v d-c 


OUTPUT 


| tv PEAK 


TO PEAK 


360. 


| 

| 

| 

| 

| 

rl 

| 

| 
eee | 


g 


| 
| 
1 
| 
| 
| 
| 
| 
| 
| 
| 
| 
I 
| Sener 


1 
uw 
°o 


4-KHZ STABLE WIEN BRIDGE—Delivers 15 V 
rms, with amplitude stability better than 1% 
over temperature range of —-50 to -+-100 C. 
Article gives design procedure and equations. 
Opamp LMI101 serves as integrator, feedback 
factor, and threshold circuit.—B. J. Skehan, 
Designing Stable Wien-Bridge 


Oscillators, 
EEE, April 1969, p 79-81, 
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+H15V 


2N4984 ln F 


l0ouH 
OUTPUT cs 


10 KHZ WITH SUS—Capacitor charges until 
8-V switching voltage of silicon unilateral 
switch is reached, Sus then switches on, and 
resulting discharge through inductor causes 
current to ring. When ringing current drops 
below holding current, sus opens and charg- 
ing cycle repeats, May also be used with 


2N4989 sus.—Silicon Unilateral Switch 2N~- 
Syracuse, 


4984/2N4985, General 
N.Y., No. 65.27, 1967. 


Electric, 
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5,000:1 FREQUENCY RANGE-—Simple modifi- 
cation of basic relaxation oscillator greatly 
“increases range over which frequency is con- 
trolled by R. QT draws base current only 
from timing capacitor Ct, speeding transition 
from blocking to conduction. —G. R. Latham 
IV, A 5000:1 Frequency-Range Oscillator, FEE, 
April 1970, p 101-102. 


pulse every 10 


0.1-HZ RELAXATION—Delivers 
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+45V 
40k 


Q, 
2N3417 


50k 


2-HZ RELAXATION—Discharge time of Ct is 
increased by placing RT in series with base 
of Q1 in modification of relaxation oscillator, 
to permit generating frequencies down to 2 
Hz without increasing size of R to point where 
it is affected by high humidity. Temperature 
stability may be as poor as 10%, but this is 
adequate for many low-frequency applica- 
tions.—G. R. Latham IV, A 5000:1 Frequency- 
Range Oscillator, FEE, April 1970, p 101~102,. 


20-ms-wide 
s. RT is 100K; R2 is 220 ohms, 


adjusted for optimum temperature compensa- 
tion. Cl and C2 are 100-uF 20-V_ solid 
tantalum.—Silicon Complementary Unijunction 
Transistor DSK1, General Electric, Syracuse, 


—l2v 


N.Y., No, 60.15, 1967. 
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15~—200,000 HZ AUDIO SIGNAL GENERATOR— covered in four bands: 15—200 Hz; 150—2,000 to 10 V. R5 is STC type R53 thermistor.— 


Wien-bridge oscillator supplies 1-V rms out- 
put over entire frequency range, which is 


Hz; 1,500-20,000 Hz; 15,000-200,000 Hz. 
Will operate with any supply voltage from 6 


“Transistor Audio and Radio Circuits,” Mul- 
lard Ltd., London, 1969, p 178, 
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STABILIZING AUDIO OSCILLATOR—Arrange- 
ment acts as pulse-excited tuned circuit, with 
no need to make adjustment for loop gain of 
unity as normally required with IC opamp 
sine-wave oscillator. When output voltage is 
low, negative feedback loop is open and 
amplifier gain is high. Ovtput then tends to 
increase rapidly because positive feedback 
path is closed. As soon as one diode con- 
ducts, gain drops to value determined by 
negative feedback loop. Pot regulates out- 
put amplitude. Frequency is determined by 


values of R and C in Wien bridge.—L, Moly- 
neux, Op Amp Sine Wave Oscillator Uses 
Diodes for Stability, Electronics, March 17, 
1969, p 97. 


0.22 uF 


OUTPUT 


SCHMITT 


1«HZ SINE-WAVE—Twin-T network with two 
opamps generates very low frequencies with 
Jow distortion and stable amplitude. Oscil- 
lator runs free for most of each cycle, but is 
pushed for short time as output approaches 
zero from either direction.—J. Potzick, Low- 
Frequency Sine-Wave Oscillator, FEE, March 


1970, p 130, 


PALO: COMPOUND 


BUFFER AMPLIFIER 


NOTE: +2 (CR) 


ALL Q: 2N2222 
ov —|— 


—V; [ER3) 
SINUSOIDAL SUBAUDIO—Frequency of five- 


stage oscillator network is determined by 
values of R and C in diode integrator circuit 


SYMMETRICAL 


that 
high-input-impedance 
Square-waves and triangular waves may be 


couples differential amplifier to 


compound amplifier. 


EMITTER 
FOLLOWER 


INI3I5 
IN652 
14M 


FILTER 


tapped off at indicated points and used for 
long time delays or very slow cro traces.— 
J. N. Bequette, Sub-Audio Sinusoids Gener- 
ated by Integrator Feedback Loop, Electronic 
Design, June 7, 1965, p 38. 
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os | | 1.2 VOLTS | | 


a 


—t_ 
OUTPUT Nsvors fy 
@B .SVOLTS 


3-V RELAXATION = OSCILLATOR—Operates 
from two flashlight cells, generating 1 kHz 
with choice of two different waveforms 
shown, Uses D13T1 programmable ujt, which 
is low-power triode thyristor. Battery drain 
is low.—W. R. Spofford, Jr., The DI3T—A Pro- 
gtammable Unijunction Transistor, General 
Electric, Syracuse, N.Y., No. 90.70, 1967, p 8. 


PRESS 


FOR TONE 


100 VDC 
OR MORE 


TRANSMITTER TONE GENERATOR—Inexpen- 
sive neon relaxation oscillator can be used 
for on-the-air tone identification —E. Bauman, 
“Applications of Neon Lamps and Gas Dis- 
charge Tubes,” Signalite, Neptune, N.J., p 34. 


= ice = |= HEP 580 
DUAL 2-INPUT GATE 


1,000-HZ IC—Features adjustable sine-wave 
output from 0 to 2 V p-p, fixed at about 
1,000 Hz, for general audio testing.—Tips 
on Using IC's,” Motorola, Phoenix, Ariz., 
HMA-32, 1968. 


SIGNALITE 
A057B 


TO INPUT 
OF AUDIO 
AMP. OR 
MODUL ATOR 
STAGE 


dl 


NOTE: To locate additional circuits in the category of this chapter, use the index at the back 
of this book. Check also the author’s “Sourcebook of Electronic Circuits,” published by 


McGraw-Hill in 1968, 


CHAPTER 59 
Oscillator Circuits—R-F 


1000-kHz 
XTAL 


8-MHZ THIN-FILM CRYSTAL~Article gives 

step-by-step procedure for adapting crystal cl 
oscillator to version shown, suitable for thin- 10 pF 
film hybrid construction using attached active 

devices (crystal and transistors), then gives 

instructions for constructing circuit by deposi- 

tion through masks in vacuum chamber.—L. 

W. Sumney and C. E. Holland, Fabricate Your 

Own Thin-Film Oscillator, Efectronic Design, 

March 30, 1964, p 52—56. 


1-MHZ_ PIERCE—With high-activity 


crystal, 
clean sine-wave output is obtained. Without 
loading, drain current should be about 30 
BA; higher current, above 500 “A, is due to 


0.01 


R-F OUTPUT 


+9V 


ul 
5.0mH 


|e oureur 


MPFIO3 


parasitic oscillations—the chief drawback of 
this simple circuit.—F. H. Tooker, FET Sine- 
Wave Crystal Oscillators, Electronics World, 
June 1969, p 33 and 83. 


SUBAUDIO TO GHZ WITH FET—Features of 
manually tuned circuit shown are low cost, 
load leveling for constant-voltage output, low 
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noise, stability, tunability and sweepability 
over wide frequency range, and unloaded 
output up to 15 V peak-to-peak in 300 to 400 


MHz range.~-T, F. Prosser, FET’s Produce Stable 
Oscillators, Electronics, Oct. 3, 1966, p 102~ 
103. 


OSCILLATOR CIRCUITS—R-F 


+20V 
BIPOLAR-TRANSISTOR 100-MHZ—Chief draw- 
back of conventional silicon transistor oscil- 
lator is relatively large change in frequency 
with temperature, as compared to fet oscil- 
lator at same frequency. Total drift is about 
70 kHz from nominal 100 MHz for 70 C tem- 
perature change.—C, L. Farell, Designing FET 


Qi = 


UST CRYSTAL—Useful for generating 100 kHz 
when efficiency and waveform purity are rela- 
tively unimportant. Both are affected by 
supply voltage, adjusted here by R2.—F. H. 
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+12V 


[—« OUTPUT 


Oscillators, FEE, Jan. 1967, p 86-90. 


Tooker, Ujt Sine-Wave Generators, Electronics 
World, Feb. 1969, 82. 


GE TD7I4 Semi 
300.0. 


OUTPUT 


JY 


Ley Voit) 


1 1 
texan te 


TUNNEL-DIODE OSCILLATOR—Simple parallel 
LC oscillator gives good sine-wave output, 
though limited to relatively low power.—W. 
R. Spofford, Jr., Applications For The New 
Low Cost TD 700 Series Tunnel Diodes, Gen- 
eral Electric, Syracuse, N.Y., No. 90.66, 1967, 
p 6. 


PINS 
fai2 


C,—50 pf variable R100 i 
Cr—150 pf ; 

a R,;-1K 
C;—50 pf R,—2.2 Me 
C.—25 pf +2 Meg. potenti 
iar R,—2 Meg. potentiometer 
C—0.001 pf Re 
C,—25 pf Ry—2.7 K 
aa ul, a uf, 350 volts S:—SPST toggle switch 
a Bete ae S,—two-pole, three position rotary switch 
cee inibee Position A100 Ke 


OSCILLATOR REGULATOR—Prevents frequency  F:;—1 ampere fuse Bec vi Bo ee 


drift and output level changes in crystal os- L,—16 henry, 50 milliampere choke T,~—Power transformer: primary; 117 volts, 60 
cillator due to power supply voltage varia- pe cycles: secondary 1; 6.3 volts, 1.0 amperes: 
tions. Neon lamp regulates to within 1 V R 33k secondary 2; 500 volts, center tapped, 20 

eee milliamperes. 


of 115 V. Plate supply should be about 150 R,—100 K Yi—100 K tat 
— c crysta! 


V to insure breakdown of regulator.—E,. Bau- i 
100 AND 20 KHZ FREQUENCY STANDARD— kHz output from frequency divider connec- 


man, “Applications of Neon Lamps and Gas ; : ncy 
Discharge Tubes,” Signalite, Neptune, N.J., p Uses single compactron and single 100-kHz tion.—Essential Characteristics,” General Elec« 
80 ‘ : crystal with switch that provides optional 20- tric, Owensboro, Ky., 1969, p 352. 
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BUAL REDUNDANT OSCILLATOR—Maintains 
¢titical oscillator operation by automatic 
switching between two identical crystal oscil- 
Jators, either of which will supply correct 
frequency and output amplitude to next 
stage or module, Oscillator 1 is prime and 
ynder normal conditions feeds its signal 
through amplifier Q2 to point C. If the am- 
plitude of oscillator 1 drops below selected 
value, bias is removed from oscillator 2 so it 
can take over, All transistors are 421T0AA 
qnd all diodes 1N658. Other values are: RI 
and R10 120K; R2 2 meg; R3 and R8 10K; 
R4-R7 2K; R9 1.8 meg; RI1-R14 3.9K; C1 220 
pF; C2 120 pF; C3-C6 0.01 uF.—Selected Elec- 
tronic Circuitry,” NASA SP-5046, 1966, Gov- 
ernment Printing Office, Washington, D.C., p 
14, 


BUFFER AMPLIFIER 


100et 


vy, 
No.6112 === 


OSCILLATOR +150v 


aa 


PHASED-RADAR VHF OSCILLATOR—Cathode- 
coupled crystal oscillator and buffer ampli- 
fier were developed fer use in binary combina- 
tion of oscillators and mixers for generating 
large number of discrete frequencies required 
in electronic scanning radar, Gives excellent 
reliability and stability in range of 10 to 70 
MHz, with undesired second harmonic over 30 
dB below fundamental.—G, F. Ross, Binary 
Generation of Frequencies Saves on Hardware, 
Electronic Design, Nov. 23, 1964, p 38~42 and 
44-47, 
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Output 
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% FEEDTHROUGH CAPACITOR 
%*% DISTRIBUTED ELEMENTS 


BHC 

cauty a 

Fai 

aosust vas ouTpur FEEDTHROUGH 


SoS JS, aii 
262 


906 TUNABLE COAXIAL 
+ FEEDBACK CAPACITOR 


600—1,100 MHZ POWER OSCILLATOR—Uses 
coaxial cavity for which equivalent circuit is 
shown below. Suitable for pulse or c-w oper- 
ation, Either 2N3533 or 2N3866 overlay 
type of uhf transistor may be used. Article 
covers design and includes performance 
graphs.—O. L. Meyer and D.C, Auth, Overlay 
UHF Transistors as CW and Pulsed Power Os- 
cillators, Microwave Journal, Aug. 1969, p 
59-66. 


0.054 


5K 
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1000-kHz 
XTAL 


aa 


Ve2~5 VOLTS 


MPFIO3 


®out 


is 5 kHz, 


42 and 44, 


= MODULATING 
SIGNAL 


27-MHZ CRYSTAL—Provides stable 4-mW out- 
put from common-emitter circuit, using posi- 
tive feedback from collector to base through 
crystal, Values: Rl 9.1K; R2 680; R3 200; 
Cl 20 pF; C2, C4 0.01 uF; C3 22 pF; L1 15 
turns No, 22 enamel on CTC LS5 form with 
powdered iron slug; L2 2 turns No. 18 enamel 
on cold end of L1; XTAL 27 MHz.—Transistor 
Manual,” RCA, Harrison, N.J., SC-13, p 507. 


Lt 
50-250yH 


E OUTPUT 


+9V 


O.tuF 
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100-KHZ CRYSTAL FET—Offers excellent fre- 
quency stability at low current drain, with 
harmonics out to 100 MHz. QI and Q2 are 
Motorola HEP-801 and HEP-50 respectively, 
Choke LI is Miller 6304 or equivalent. 
Article gives construction and calibration de- 
tails.—“Field Effect Transistor Projects,” Moto- 
rola, Phoenix, Ariz., 1966, p 48~56. 


c 


MULTI-PURPOSE A-M  OSCILLATOR—Ampli- 
tude-modulated oscillator operates as collec. 
tor-modulated class B amplifier for studying 
properties of a-m systems. 
Values of biasing resistors R de 
pend on impedance of modulating signal gen- 
erator, and C depends on modulating fre- 
quency.—R, Brander and L. S. Bobrow, Low 
Cost 2-Stage Circuit Forms Versatile AM Os~ 
cillator, Electronic Design, May 10, 1965, p 


Carrier frequency 


TYPE 


XTALCI 2N1491 


1«MHZ TUNED-DRAIN FET—-Uses link output. 
Puts out clean sine wave when core of L1 is 
adjusted to tune drain tank slightly higher 
than crystal frequency, so drain current is 
minimum of about 150 4A unloaded.—F, H. 
Tooker, FET Sine-~Wave Crystal Oscillators, 
Electronics World, June 1969, p 33 and 83. 
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BRASS ROD 
INDUCTOR 


d= 3716" 4 1/16" 


CHASIS ae 
GROUND 
¢ r + + 
in o-toon 
CURRENT $ 
MONITOR 
+ PULSE, OR $2k = 
CONTINUOUS yi 
4x isa" Dc INPUT 7 
We sie" 4 16" 15 TO 40V 


ats 4 


1-3 MHZ THREE-GATE CRYSTAL—Any gates in 
DIL/TTL families can be used if they are 
buffer type with low output impedance in 


high or low state. 932 buffer was used in 
circuit. Frequency stability is essentially that 
of crystal, which operates in series mode on 
fundamental frequency. May be powered by 
5 V of logic gates or any other value be- 
tween 3.8 and 7 V d-c. Output is square 
wave with about 40% duty cycle.—S. D. 
Culp, Crystal Oscillator, EEE, July 1970, p 87. 


+9V 


1-MHZ GROUNDED-DRAIN COLPITTS FET~ 
Adjusting core of output transformer for 
minimum drain current gives cleanest sine- 
wave output. Grounded-drain configuration 
makes circuit less susceptible to stray fields 
and capacitances.—F. H. Tooker, FET Sine« 
Wave Crystal Oscillators, Electronics World, 
June 1969, p 33 and 83. 


FeT=p CHANNEL” PV 


2N2608 


Re 


200K 


350~750 MHZ POWER OSCILLATOR—Tunable 
lumped-circuit oscillator for pulsed or ¢-w 
operation can use either 2N3553 or 2N3866 
overlay type of uhf transistor. Article cov~ 
ers design and includes performance graphs, 
—O. L. Meyer and D. C, Auth, Overlay UHF 
Transistors as CW and Pulsed Power Oscilla- 
tors, Microwave Journal, Aug. 1969, p 59-66. 


Re 
22h 


MPFIO3 


PHILBROOK OPERATIONAL 
AMPLIFIER , PP65A, OR 
EQUIVALENT 


3 4 
S6K FD3309 


Cy 


AMPLITUDE 
TRIM 


FET STABILIZES OPAMP BRIDGE OSCILLATOR 


--Arrangement provides distortionless output 
over full range from d-c to 100 kHz. De- 


pends on fact that an fet acts like linear var- 
iable resistance when its drain-source voltage 


approaches zero, Article gives design equa- 


tions, Output voltage can be above 10 V.~ 
J. J. Panico, FET Stabilizes Amplitude Of 
Wien Bridge Oscillator, Electronics, Oct. 3, 
1966, p 107. 
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330 pH 20-115 pF 


© OUTPUT 


1000 
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nits S iG) 
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QitU-O, UHil2 
U-146 OR U-147 


tH 


CRYSTAL IC—Use of two external resistors 
and quartz crystal with IC d-c amplifier gives moa 
crystal oscillator operating up to 1 MHz de~ St2-Hz 
pending on crystal used. Output is taken BYAL 
from collector that is not connected to crystal 
(terminal 10), and has waveform about half» 
way between sine and square wave.—“Lin- 
ear Integrated Circuits,” RCA, Harrison, N.J., 
IC-41, p 125. 


MILLER FET—Values shown are for 512-kHz 
crystal, but upper limit is several megahertz. 
Supply voltage can be from 6 to 22 V.  Out- 
put cannot tolerate much loading.—J. H. 
Wujek, Jr, and M. E. McGee, Field-Effect 
Transistor Circuits, Electronics World, May 
1967, p 32-33 and 75. 


{Sk 


ni) 


TWO-FREQUENCY CRYSTAL OSCILLATOR— 
With negative voltage applied to supply ter- 
minal, transistor operates in inverted mode 
and 500-kHz crystal X1 determines output 
frequency. With positive supply, 600-kHz 
crystal determines output frequency. Adding 


Dy 
HD6002 


5 
capacitors as shown by dashed lines gives OP aa 
single output terminal. Frequencies may be UX 
remotely selected.—J. M. Tewksbury, Bilateral ;, 
Crystal Oscillator Has Two-Frequency Output, = 
“400 Ideas for Design Selected from Elec- 0, 
tronic Design,” Hayden Book Co., N.Y., 1964, HD6002 
p 179. 
(MOTOROLA) 2d b= OF UONAE 
MPF {02 1c eS OUTEUT 
0.2 
ph 


OUTPUT 


ak *see TEXT 


400-HZ UJT SINE-WAVE—Output frequency FET IN CRYSTAL TRIPLER—High gate-to-~ 
ranges from 100 Hz to 100 kHz, depending source impedance of fet minimizes crystal 
on LI and Cl, For 400-Hz sine-wave output loading in vhf-uhf oscillator-multiplier. Tank 
with acceptable waveform purity, CI is 0.047 circuit in source lead is tuned to about 0.7 
uF and LI is 3-H a-f choke.—F. H. Tooker, times 40-MHz fundamental of crystal.—F. B. 
Improving Sawtooth Linearity, Electronics Cupp, FEB Cuts Down Crystal Loading, Elec- 


World, Feb, 1969, p 84. tronics, Sept. 18, 1967, p 111. 
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1600pF 
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‘20-MHZ = FET~—Self-bias developed across 
of source resistor R1 is proportional to operat 
Foz ing current, giving negative feedback that 
i. fends to stabilize current. Fet is 2N3823, 
18pH Efficiency as class A oscillator is about 35%. 
—C. 1, Farell, Designing FET Oscillators, EEE, 
dan, 1967, p 86-90, 


PRECISE 1-KHZ TONE—~Fairchild »A702A IC in ~15y 
fet circuit provides age to minimize instabili- 
ties and prevent limiting. Can be used as 
precision tone generator, timing signal gen- 
grator, or for computation. Negative feed- 


back through R3 stabilizes gain and makes 
it independent of IC characteristics. 
feedback to noninverting input is made equal 
to negative feedback by agc, to give undis« 


100-KHZ GROUNDED-DRAIN COILPITTS FET— 
Sine-wave output is cleanest when tank coil 
is adjusted for minimum drain current, 
Useful as signal source for time-base genera- 
tors in digital counter,—F. H, Tooker, FET 
Sine-Wave Crystal Oscillaters, Electronics 
World, June 1969, p 33 and 83. 


TYPE 
2N5108 


sD 


Voc 


1.68-GHZ L-BAND OSCILLATOR—Collector of 
transistor connects directly to ground plane 
of stripline circuit board. Power output is 
over 0.3 W at 20% efficiency when operating 
from 25-V d-c supply. £1 is 0.75-inch sec« 
tion of 50-ohm microstripline; can be oper- 
ated at any frequency from 1 to 2 GHz by 
changing length of {1 slightly. With 0.8- 
inch line, frequency is 1.5 GHz. Valves: CI, 
C2 0.35~-3.5 pF piston; C3, C4 470 pF; RFC 5 
turns No. 28 on 0.125" form.—“Silicon Power 
Circuits Manual,” RCA, Harrison, N.J., $P-51, 
p 364. 


+15 


torted 8-V sine-wave output—J. F. Gilford 


Positive and M. Markkula, Linear 1C’s: Part 5, Ins and 


Outs of Op Amps, Electronics, Nov. 27, 1967, 
p 84-93. 


OSCILLATOR 


+20V 
Mm 
aor 
LP fim 0kS ine 
$ OUTPUT AT 
3OKHZ 
0,003pF 
34.7 Our 0.03 uF 


30-KHZ CONSTANT-AMPLITUDE—Zener D1 
stabilizes operating conditions and output 
amplitude of emitter-feedback 
Distortion in sine-wave output is less than 
1%, and amplitude stability for combined 
variations of 0-65 C temperature change, 18- 
22 V d-c supply voltage change, and load 
change from 10K to infinity is less than 5%. 
~~M. Feller, Amplitude-Stabilized Oscillator, 
EEE, April 1967, p 139—140. 


oscillator. 


SPLIT-DRAIN = FET—Tuned=drain 


Sine-Wave Crystal Oscillators, 
World, June 1969, p 33 and 83. 


tuned-gate 
crystal oscillator puts out clean sine wave 
when LI is set for minimum drain current of 
about 150 4A unloaded.—F, H. Tooker, FET 
Electronics 
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30—40 KHZ NEON—Neon chosen has very fast 
deionization time to maintain high-frequency 
stability. Sine-wave amplitude varies from 
1 to 14 V into I-meg load.—W. G. Miller, 
“Using and Understanding Miniature Neon 
Lamps,” H. W. Sams & Co., Indianapolis, 
Ind., 1969, p 41. 


MPFIO3. 


Sea 


FREQUENCY CONTROL INPUT 


VOLTAGE CONTROLLED 


0.5—5 MHZ FET-TUNED R-C—Field-effect tran- 
sistors acting as variable resistors tune R-C 
oscillator over decade range with control 
voltage of 4.8 to 7.2 V. Oscillator output 
amplitude is constant within 1 dB. Other 


VOLTAGE CONTROLLED 


PHASE SHIFTER | mm PHASE SHIFTER I 


INPUT FREQUENCY 
CONTROL VOLTAGE 


INVERTING 
AMPLIFIER 


frequency ranges can be obtained by chang- 
ing capacitor values. Two phase shifters, 
phase inverter, amplifier, and attenuator are 
connected in loop. Circuit oscillates at fre- 
quency in which total phase shift is 360 deg. 


AMPLITUDE 
DETECTOR 


1.8-2,3 GHZ TUNABLE—With 24-V supply, dés 
livers 0.3 W at 16% efficiency with Hartley 
oscillator circuit. Values: RI 51; R2 1.2K; 
R3 10; Cl 0.82 pF; C2, C3 100 pF; C4 0.01 
pF; C5, C6 0.35—3.5 pF; LI 0.05” length Nol 
22 wire.—‘Silicon Power Circuits Manual,” 
RCA, Harrison, N.J., SP-51, p 365. 


1SO0pF 


f_— OUTPUT 


3900pF 


+9V 


OUTPUT Q 03,05, - BFI84 


Q2,04,07 - 2N4223 


VOLTAGE CONTROLLED 
ATTENUATOR 


Voltage-controlled attenuator Q7 is driven by 
amplitude detector Q6 to provide constant 
output voltage.—K. van der Geer, FET’s Tune 
RC Oscillator Over Decade Range, Flectron+ 
ics, Feb. 17, 1969, p 96, 
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11.5 GHZ VARACTOR-TUNED~—Delivers 600 
mW over entire range when tuned with high- 
Q varactor diode having control range of 0 
to 22 V and transistor collector supply of 28 
V. Values: C1, C2 1-7 pF piston; C3-C5 470 
pF; RFC 0,1 wH.—Silicon Power Circuits 
Manual,” RCA, Harrison, N.j., SP-51, p 365. 


MOSFET COLPITTS—Use of 3N128 mosfet in 
Colpitts oscillator gives stable output inde- 
pendently of load and supply voltage 
changes, and improves waveform symmetry. 


+22 1/2V 


30-MHZ CRYSTAL—Used as second local os- 
cillator of double-conversion superheterodyne 
fm receiver developed for printed-circuit 
card construction. QI can be 2N699. Q2- 


O+Ve = 24V 


VEE 
1,8~2.2 GHZ COLPITIS—Phase-resonant loop 


L4.Cl provides necessary feedback. With 24- 
V supply, power output is about 0.3 W. 
Values: Cl, C2 0.35-3.5 pF; C3, C4 100 pF; 
Ll, L2 microstripline (dimensions given in 


book); L3 5 turns; L4 50-ohm coax 1.5” long. 
—"Silicon Power Circuits Manual,” RCA, Har- 
rison, N.J., SP-51, p 366. 
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VARIABLE-FEEDBACK CRYSTAL IC—Adjustable 
feedback path for IC d-c amplifier permits 
adjusting crystal oscillator to give pure sine 
wave. Frequency depends on crystal used, 
and can be up to 1 MHz. Collector tuning 
(terminal 10) will extend frequency range 
above 10 MHz.—"Linear Integrated Circuits,” 
RCA, Harrison, N.J., IC-41, p 125. 


1.8 TO 3.3mh 


Circuit can be frequency-locked to external 
oscillator through input coupling capacitor.— 


500 


OUTPUT 


05 3.6k 


N. H. Brown, MOS FET Stabilizes Oscillator’s 
Output, Electronics, Feb. 3, 1969, p 80. 


+220/2V 


Q4 serve as mixer-amplifier.—l. F. Barditch, 33K 
Adapting Conventional VHF Equipment to 
Molecular Electronics, Electronic Design, Feb. = 
17, 1964, p 44-51. 


CHAPTER 60 
Phase Control Circuits 


PHASE SPLITTER WITH GAIN OF 150—Direct~ 
coupled complementary pair with feedback 
provides voltage gain and equal outputs 180 

deg out of phase. Values of RI and R2 

must be changed according to output imped- 

ance and R3 then adjusted’ to give circuit bias %— 
for desired operating level of output transis- 
tor.—R. E. Risely, DC Phase Splitter Adds 
Voltage Gain, Electronic Design, Feb. 3, 1964, 

p 46 and 48. 


b—ourpur | 


2N388 


av 


OUTPUT 2 


VOLTAGE-VARIABLE SHIFTER—Can be used as 
a-c motor speed control for mixers, blenders, 
and drills, where firing point of scr is 
changed. Can also serve as correction cir+ 
cuit in feedback loop of automatic phase con- 
OUTPUT trol system. Phase angle of low-frequency 
input signal can be shifted up to 70 deg 
C3 without distorting waveform, As adjustable 
O.01pf phase reference, one circuit can control many 
servomechanisms. Reduction of 5:1 in output 
amplitude over phase-shifting range can be 
cut to 1,.2:1 by adjusting RI.—T. T. Kalal, 
Zener Diode Controls Variable Phase Shifter, 
Electronics, Dec, 26, 1966, p 72~73. 


V=+9to +15V 


OUTPUT 


INPUT 


MOSFET TWO-STAGE PHASE SHIFTER—Ganged 
control permits shifting phase of 400-Hz sig- 
nal over full range of 0 to 180 deg. Can be 
used to generate pulse or signal having 
known phase difference from that of refer- 
ence signal.—C. R. Perkins, “Application of 
MOSFET Devices to Electronic Circuits,”’ 
+ Hughes, Newport Beach, Cal., 1968, p 26. 


HRN&318D 
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e 2N697 

Ry 
CONSTANT-AMPLITUDE PHASE SHIFTER— ph + 
Shifts sinusoidal signal over 180-deg range, a i Cy 
and reversal of input leads provides addi- \ 0,05 uf vy 
tional 180-deg shift. Maintains constant out- ~ 
put amplitude and low output impedance. Vin y Vour 
Used for phase-locking amplifiers.—J. J. Shin, 7 \ 
Signals Shifted 180 Deg as Amplitude Re- \ ZB Re [V2 
mains Constant, Electronics, May 12, 1969, 
p 110. aks 

Cg 0.05 uf 

A 217126 
Ry-Rp DUAL 100k, LOG TAPER 
r —+ —+ 


THREE-PHASE WITH STEPLESS 0—100% CON- 
TROL—Uses separate triggering of each phase 
for varying d-c output voltage smoothly 
down to zero, for applications such as ring 
counters, fip-Rops, and magnetic firing con- 
trols. Will not fall out of synchronism, 
Power output depends on scr’s used. Track- 
ing accuracy, controlled by pots R5, is ac- 
curate within 1 deg at 60 Hz.—J. D, Atherly, 
F. W. Gutzwiller, and F. Pastore, Three Phase 
SCR Firing Circuits for DC Power Supplies, 
General Electric, Syracuse, N.Y., No. 200.21, 


1962. 
Ry 2,500 Rg 390 Q) - GE 2N336a SCR, -GE-c388 
Rg 3,000 Ry AT Og -GE 2N404 CR; -GE-IN2156 
Ry 1,000 Aig 3 38,2. warT Qy-GE 2NIG7A 
Ry 1,000 Cy 2008 04-20 VOLT ZENER 3/4 WATT 
Rg 1,000 Cg 28ut Ty =H VAC +115 VAC S0ma 


ALL RESISTORS 1/2 WATT UNLESS OTHERWISE NOTED 


18 k2 
5w +t15VTO+20V 


50-W LOAD 


115-V MAIN 


50-W HALF-WAVE A-C CONTROL—Conducts 
over range of 10 to 170 deg on alternate 
half-cyeles. May be used for heater or motor 
control, as relay driver, or as lamp dimmer 
if flicker is not objectionable.-~-Preferred Semi- 
conductors and Components, Texas Instru- 
ments, Dallas, Texas, CC101, 1968, p 7108A. 
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+12 


(50 
my) 


FREQUENCY-INDEPENDENT 90-DEG SHIFTER— 
Will produce 90-deg shift independently of 
frequency in audio range, for producing cir- 
cular sweeps on crt. Can also be used for 
phase measurements where calibrated 0-90 
deg phase shifter is formed by adding signal 
to quadrature component. Fet is used as 
variable resistance in R-C phase shifter, with 
resistance controlled by feedback from phase 
detector and opamp.—J. Kalinski, Variable 
FET Resistance Gives 90 Deg Phase Shifts, 
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PHASE 
DETECTOR 


l200w 
(2400) 


(mm) iiss 


D1,02*200V DIODES (GE A'4B) 


FULL-WAVE WITH ALTERNATE RESET—Uses 
diode to reset capacitor at end of each posi- 
tive halfecycle, Does not reset at end of 
negative half-cycle, but snap-on effect is 
negligible.-“SCR Manual,” 4th Edition, Gen- 
eral Electric, 1967, p 188. 


120 VAC 


LINE-OPERATED SCR TRIGGER~—Uses D13T] 
triode thyristor as programmable yjt in phase 
control circuit that derives required interbase 
voltage directly from a-c line. Potentiometer 
in resistor divider controls point in each cycle 
at which ser (at right) is triggered.—W. R. 
Spofford, Jr., The D13T—A Programmable 
Unijunction Transistor, General Electric, Syra- 
cuse, N.Y., No. 90.70, 1967, p 7. 


circui 


FULL-WAVE 


Electronics, July 20, 1970, p 88. 


TRIAC 


3 
5 
---- Vv - 


(FoR " 
INDUCTIVE ~~ 
Loans} “y= Olmfa 


eee ee eee 


DIAC-TRIAC—Simplicity makes 
t ideal for many lamp, heater, and fan 


speed controls, despite limited control range 


and 


large hysteresis effect at low outputs. 


Choice of triac depends on load to be han- 


dled, 


—"SCR Manual,” 4th Edition, General 


Electric, 1967, p 139-140. 


TRANSFORMER 


PRIMARIES 


+ 


(3. SINGLE 
PHASE XFMRS) 
tal 
+ 


= +—______________3 Pwase ac suppty-4 winE——____~+ 


2 
Tyriscer sy 
[CIRCUIT [{SAME AS 
L $2 J rai 
‘ = ih Law 
(SAME Frarccer! 
AS | CIRCUIT | 
Tn a 
UTRAL a 


Ri —3.3K,5 WATT 
R2 - SEE FIG 8 

R4 ~10K,§ WATT 
RS,R6-222, 2 WATT 
R7, RB 332, 2 WATT 
R9, RIO 470, 1/2 WATT 


ct-0.4 MFO 

Q1-G E 2N2646 

SCRI, SCRZ —AS REQUIRED 
SCR3,SCR4-G E ZNIS9S 
CRI TO CR4-G E INIG93 
GRS5,CRE-G E INI7ES 
CR7~G E INIG92 

CRE-G E INI77E 


FULL-RANGE THREE-PHASE CONTROL—Used 
in four-wire a-c system feeding three wye- 
connected transformers. One pair of ser’s is 
in series with each line, and transformer 
neutral is connected to system neutral. Trig- 


TI ~iSOLATION TRANSFORMER WITH 
12.6 VOLT, 174 AMP, SECONDARIES, 
PRIMARY AS REQUIRED FOR 
SPECIFIC LINE VOLTAGE 


T2 ~PULSE TRANSFORMER PE 2229, UTC 
HSI OR EQUIVALENT 

T3~ {ISOLATION TRANSFORMER WITH 
120 VOLT, 50 MA SECONDARY. PRIMARY 
AS REQUIRED FOR SPECIFIC LINE 
VOLTAGE (FOR 120 VOLT PRIMARY, 
TRIAD N= SIX} 


ger circuits are between line and neutral of 
each phase. Ujt triggers pilot ser’s, Article 
has five circuit variations for centrelling the 
three ujt’s from single master signal.—’’SCR 
Manual,” 4th Edition, General Electric, 1967, 
p 205~207. 
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MANUAL SCR CONTROL—Basic manually con- 
trolled ser with ujt covers full range from 
minimum to maximum power. 
voltage of control circuit to fixed level.—’SCR 
Manual,” 4th Edition, General Electric, 1967, 


p 189-190. 


CSjnouctive 
wae LOAD 


ELECTRONIC 
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Zener clamps 


UAL 


SPRAGUE, 
zz 


0+ GE-Z4 


xL20 


Do 3,4,5°6E ANSE 


RAMP AND PEDESTAL CONTROL—Designed 


for inductive Joads. 


dv/dt 
SUPPRESSION 


Rectified supply voltage 


is used with small pilot scr to give continu- 
ous drive to triac gate after triggering, to 
hold triac on until load current is high enough 
for triac to latch.—-J. H. Galloway, Using the 
Triac for Control of AC Power, General Elec- 
tric, Syracuse, N.Y., No. 200.35, 1966, p 12. 


800W Lz00W) 
LAMP_LOAD 
20V 
(240V) Tac 
OHs Sc4iB 
(sc410} 
Opts 
NOTE: VALUES i 
PARENTHESES 
ARE_FOR 240 VAC 
2 = SUPPLY 


FULL-WAVE WITH REDUCED SNAP-ON—Con- 
tro] circuit is connected to supply to reduce 
snap-on effect wherein load current jumps 
suddenly to value from which it is smoothly 
controlled. This allows capacitor to recharge 
slightly between triggering point and end of 
haff-cycle.—’SCR Manual,” 4th Edition, Gen- 
eral Electric, 1967, p 188. 


HIGH 
6.8K IMPEDANCE 3 2200. 
CONTROL 
ELEMENT 
anes 
NSE S cl 2Nnz419B 
001 
PULSE 
6.8K 62 | OUTPUT 


HIGH-GAIN UJT—Simple modification of con- 
ventional ujt-scr phase-control circuit in- 
creases effective gain up to 10,000 times, 
giving equivalent of several stages of tran« 
sistor amplification, Article covers choice of 
capacitor values to give desired output pulse 
amplitude.—“Unijunction Circuit Hints,” Gen- 
eral Electric, Syracuse, N.Y., Fig. 2. 


INDUCTIVE LOAD 


Oi —D6=GE ASB NOTE. FOR 240 VOLT OPERATION: 
SCR=GE C22b 
TRIACs GE SC40D 


If triggering occurs before turn-off of 


Rl=R2 15K, 4W 
DI- 06 «GE AI3D 


TRANSFORMERLESS TRIGGER—In smaller and 
lower-cost version of phase contro! for in- 
ductive a-c loads, bridge rectifier supplies 
power to ujt trigger and holding current to 


R5,C2.:dv/dt SUPPRESSION 


scr. 


triac, scr will be turned on and held by cur- 
rent through R1.—"SCR Manual,” 4th Edition, 
General Electric, 1967, p 197-198. 
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PHASE CONTROL CIRCUITS 


0.05 F [O.05yF [O.1F 
He HE o7k 


= 2VZ0°_ a = 2V/180° 
@9* 2V/45° @, *2V (225° 
y= 2V/90° a, = 2/2708 
e, = 2V/I35° 8, #2 /315° 


LINE-VOLTAGE COMPENSATION—R2 and C1 
add to zener voltage a d-c voltage propor- 
tional to a-c supply voltage, to serve as ujt 
interbase voltage. Reducing supply voltage 
reduces interbase and peak-point voltages of 
ujt, to make triggering occur earlier on ramp 
and compensate for line voltage drop. Holds 
rms output voltage constant within 5% for 
50% change in supply voltage.—"SCR Man- 
ual,” 4th Edition, General Electric, 1967, p 
195-196. 


EIGHT-OUTPUT SHIFTER~—Provides outputs 45 
deg apart from 0 to 360 deg with constant 
amplitude and with phase nearly independent 
of load impedance. Output impedance is 2 
ohms.—A, G, Lloyd, Multioutput Phase Shifter 
Uses One Transistor, Electronic Design, Oct. 
25, 1967, p 130 and 132. 


Ri; 50000, 3W 
R2: 5002 


R3* 3300 RS: 5M 


R4: 10K RE: IK C20. we 


ect 
I 
CRs 
Ry 33K, 5 WATT IF SEC VOLTAGE OFT, {S$ 9 Re——- ~~ ~~~ 2 7K, Mp WATT SCR), SCRa~ AS REQUIRED BY LOAD 
WT VOLTS EACH SIDE OF CENTERTAP ay SOK LINEAR POT OR),CRa,CRq,CR7-G E INNES 
Ra~—~ 47 8, vp WATT Ra 33K, 5 WATT CRs 
Ra,Rq-22 2, Wart C0 2 MFO a GE 2N2646 
R5-—— 390 9, Va WaTT OPTIONAL CRg-AS REQUIRED BY LOAD CURRENT 


Cl: 200 pf, lov 
Ti! SPRAGUE t1Z12 


PHASE-CONTROLLED D-C SUPPLY—D-c 


Li —AS REQUIRED FOR FILTERING 


INI776 REGULATING DIODE. 


age across load can be steplessly adjusted 
by R7 from maximum to zero, with ser’s in 
single-phase center-tapped phase-controlled 
rectifier. Single ujt QI develops gate signal 
to fire both scr’s on alternate half-cycles. At 
60 Hz, R7 varies firing angle from 10 deg for 
maximum load power to 180 deg for fully off. 
—"SCR Manual,” 4th Edition, General Electric, 
1967, p 199-200. 


552 ELECTRONIC CIRCUITS 
A 
; t 
3K 3 8 
SCR'S 
SAH GE 
O.1MFD c-22 
1OOK fT 
f20wac : ; 
x 
+ 0.1 MFD & * 
SPRAGUE 
32z28 g A 
B 
a L 
FULL-WAVE NEON-SCR TRIGGER—Trans- scr’s to alternate in firing. Loss of load volt- 


former-coupled full-wave a-c phase-controlled 
circuit uses 5AH neon as trigger for two- 


terminal system. Pulse transformer allows 


age is only about 5% of what it would be 
without control circuit,—“SCR Manual,” 4th 
Edition, General Electric, 1967, p 199. 


PHASE-LOCKED SIGNAL IN 


{OK OUTPUT 
TO vcoO 


PHASE-LOCK DETECTOR—Mosfet operating in 
variable-resistance region provides d-c out- 
put voltage proportional to phase difference 
between input signal and reference signal. 
Used to drive vco of function generator. 
Value of C is chosen so its reactance is very 
much less than 10,000 ohms at oscillator fre- 
quency.—G, Worstell, Phase-Lock Detector Re- 
quires No External Power Supply, Electronic 
Design, Oct. 25, 1969, p 107. 


7 VOLT 
3 PHASE 
AC SUPPLY 
$0 CPS 


THREE-PHASE WITH COMMON TRIGGER— 
Operates from three-phase 117-V a-c line and 
provides control of d«c output voltage from 
zero to practically 100% of maximum theo~ 
retical value. Effect of transients 
mized, Firing circuit 
synchronism with a-c power system. 


is mini- 
cannot fall out of 
When 
d-c voltage is raised from zero, it jumps 
abruptly to 25% and then rises steplessly 
above that value; this is not objectionable 
for such applications as lamp and heater 
control, Similarly, when control voltage is 
reduced below 25%, output jumps abruptly 
to zero.—J. D, Atherly, F. W. Gutzwiller, and 
F. Pastore, Three Phase SCR Firing Circuits 
for DC Power Supplies, General Electric, 
Syracuse, N.Y., No. 206,21, 1962. 


ADJUST FOR COMPENSATION 
OF LINE VOLTAGE 
FLUCTUATIONS 


MANUAL 


DI,02-200V DIODES (GE AI4B) 


HYSTERESIS-FREE TRIAC CONTROL—Timing ca- 
pacitor is reset to same level after each posi- 
tive half-cycle, to provide uniform initial 
condition for phase-control operation, Ar- 
rangement is useful only for resistive loads 
such as lamps and heaters, because firing 
angle is not symmetrical throughout range 
maximum load power. 
For 220 V, 


from minimum to 
Choice of triac depends on load. 


change Rt to SOOK, R2 to 22K, and D1-2 to 
A14D.~J3. H. Galloway, Using the Triac for 
Control of AC Power, General Electric, Syra~ 
cuse, N.Y., No, 200.35, 1966, p 8. 


Ri - 250K POT. 

R2,R3~-15K 1/2 W 

DI, D2,D3, D4- 200V DIODES 
(GE AI4B) 


TRIAC CONTROL OF INDUCTIVE LOADS—Pro~ 
vides symmetrical firing for hysteresis-free 
operation of inductive loads, Choice of triac 
depends on load. For 220 V, change RI to 
500K, R2 and R3 to 22K, D1-D4 to Al4D, and 
use 400-V triac.—J. H. Galloway, Using the 
Triac for Control of AC Power, General Elec- 
tric, Syracuse, N.Y., No. 200,35, 1966, p 8. 


ADJUST FOR 
a3 TO FIRE 
AT = 1208 


Rs 


VOLTAGE 
2 CONTROL 


CR, ~(3) GE INI69S 

CRe-20 VOLT, | WATT ZENER DICDE,INIS27 
CRy,CRg, CRs, CRg ,- AS REQUIRES FOR LOAD 
SCR, , SCRo,SCRZ~ AS REQUIRED FOR LOAD 
Q;,93,~GE 2NI67I|A Q2 -GE 2NG3S 

R, ~ 10K POT 

Rp- 20K POT 

Ry~ 470 OHMS 


(Ge IN2i56) 
IGE C358} 


Rq~ (00 OHMS 

Ry, Rg - 390 OKMS 
R7,- 3.3K, 26 

fig - 500 OHM POT, 26 
Rg - 100 OHMS 

Rigs Rijs Rig ~ 25 OHMS 
c) ~0.8 MFO 

Cg- 1.0 MFO 
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15K 
GE inie93 
D2 
120 vac 
GE iniegz 
~H 4 
SLAVE MASTER 

FULL-WAVE SLAVE CONTROL—Half-wave 


SCR2 circuit is triggered externally on one 
half-eycle at predetermined phase angle. On 
next half-cycle, slave circuit triggers 5CR1 
at same phase angle, to give full-wave phase 
control of load current. Both scr’s are C11/ 
€20.—"SCR Manual,” 4th Edition, General 
Electric, 1967, p 69. 


aa0w 

(eeow) 

120 vac 
l2ao vac) 


ww NOTE VALUES IN 
SCR:GE C208 Ry SOx CHMS: PARENTHESES 
C200) COT MFO 
QyGE 2N2646 Rg'47onMs 249 VAC SUPPLY 
Ro: 33% OHMS: 
{68k} 


HALF-WAVE WITH UJT CAPACITOR RESET— 
Uses basic ujt relaxation oscillator to trigger 
ser during positive half-cycles of a-c line. 
Capacitor is reset at end of each positive half- 
cycle, by discharging through ujt, to prevent 
cycle-skipping caused by residual charge on 
half-cycles when scr is not triggered.—SCR 
Manual,” 4th Edition, General Electric, 1967, 
p 185-186. 


1ZOV/AC 100K 


IN7SIA 


~20V 


IN75IA 


ey 400H2 


ALL pnps ARE 2N2907 
ALL npns ARE 2N2222A 


PHASE-SENSITIVE DEMODULATOR—Maximum 
d-c output is 5.5 V, being positive when 400- 
Hz input is in phase with 400-Hz reference, 
and negative when input and reference are 
out of phase. R9 is zero adjust.—N. Neko- 
moto, Linear Demodulator Combines High Out- 
put and Phase Sensitivity, Electronic Design, 
Oct. 11, 1967, p 100 and 102. 


reaches breakdown level of neon. 
range is from full off to 95% of half-wave 
rms output voltage.—“SCR Manual,” 4th Edi- 


tion, General Electric, 1967, p 198-199. 
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_ LOAD 
T2000 
1440 wd 
120 
‘TRAC 
rid x) 36 
(8410) 


Ve ci 
ie O.lnt 


NOTE: 
VALUES IN PARENTHESES ARE FOR 240VAC SUPPLY 


DIAC-TRIAC FULL-WAVE—Circuit is simplest 
full-wave phase control. R1 determines load 
current. Chief drawback is snap-on effect, 
wherein load current jumps suddenly to value 
from which it is smoothly controlled.—SCR 
Manual,” 4th Edition, General Electric, 1967, 
p 187~188. 


SCR HALF-WAVE NEON-SCR TRIGGER—Combines 
cans low cost of R-C diode phase control circuit 
with improved performance of SAH neon that 
triggers when voltage across capacitors 


Control 


170-DEG PHASE SHIFTER~—Used in servos and 
other phase-sensitive systems to buck out 
residual phase shift. Transistor acts only as 
phase splitter, to provide complementary out- 
puts from which desired value can be ob- 
tained by adjusting R1. Operates from 600 
to 4,000 Hz, using 2N1306 transistor.—Tran- 
sistorized Phase Shifter, “Electronic Circuit 
Design Handbook,” Tab Books, Blue Ridge 
Summit, Pa., p 20. 
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OAD VOLTAGE» 


ea : 
Q<u< 180° 


TYPICAL, CIRCUIT VALUES FOR Ege! (204 


SCR. GE Cll (2NI770 SERIES) 
R* 40K OHMS 
Cc *,25 MFO 
SCR: GE CtI/C20 TYPES 
10 K OHMS: 


CRI:GE INI693 

RZ GE INIB9Z 
HALF-WAVE SCRGives full 180-degree phase 
control of half-wave load cprrent.—SCR 
Manual,” 4th Edition, General Electric, 1967, 
p 69. 


ELECTRONIC 


& 
Re Ry 
66K 250K 
(20 
GON Rs 
(00K 
ce c DIAG 
ai eel GE ST2 
o 
FULL-WAVE TRIAC CONTROL—Provides 


smooth phase-shift control with Rt over 
range of from 5 to 95% of full load power, 
although subject somewhat to line voltage 
variations, R3 is adjusted so triac just drops 
out of conduction when R1 is brought to 
maximum resistance (minimum load power). 
Circuit has some hysteresis. Choice of triac 
depends on load, For 220 V, change RI to 
500K, R2 to 120K, and R3 to 200K.—J. H. 
Galloway, Using the Triac for Control of AC 
Power, General Electric, Syracuse, N.Y., No. 
200.35, 1966, p 8. 


LOAD 
440W Oo 
tegowy SE 
{A130} 
ov al 
zsovy 5 
GONE fg 


HALF-WAVE WITH SUS CAPACITOR RESET— 
Uses basic silicon unilateral switch (sus) re- 
laxation oscillator to trigger scr at controlled 
triggering angle during positive half-cycles of 
a-c line. If switching voltage is not reached 
during one positive half-cycle, sus trigger 
does not switch and high residual voltage is 
left on C1, causing cycle-skipping. This is 
avoided by forcing sus to switch at end of 
each positive half-cycle with R2 current when 
line voltage goes negative. Values in paren- 
theses are for 240 V a-c.—"SCR Manual,” 4th 
Edition, General Electric, 1967, p 185-186, 
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1200w ALTERNATE LOAD POSITION 
(2ag0w) x 
fe ee ee ater = 
LOAD i 
{« a Lene wd ‘ 
5 
i 2 
eek 250K : 
(150K) (500K) ‘ 
TRIAC H 
oes BE i 
scasea { 
(ov RS 48C450) i 
8OHE ah. ; 
{OOK 1 
(200%) Hl 
TRIM i oy 
a i { Olat . 
1 
ae a tn ol 
ava. SUPPRESSOR 
AS REQUIRED 
parentheses are for 240-V a-c line.—“SCR 
Manual,” 4th Edition, General Electric, 1967, 


p 189. 


EXTENDED-RANGE = FULL-WAVE—Has_ very 
little snap-on effect. C2 recharges Cl after 
triggering. R3 is adjusted to compensate for 
use of wide-tolerance components. Values in 


TRIAC 
360-DEG FET SHIFTER—Each stage provides 
adjustable shift of 0 to 180 deg, depending 
on setting of ganged controls R.—“FET Circuit 
Ideas,” Siliconix, Sunnyvale, Cal., 1966. 
" + 
> T a 
NI 
RL EBNTROL 12 sam ons 
120 VOLT Cr) 
AC SUPPLY 
60 CPS 


RI=3.3K ,5 WATT 
R2- 250K, 2 WATT 

R3- 3.3K, | WATT 
RA-330, 1/2 WATT 
AS,R6 = 22.0, 2 WATT 
A7,RB~ 330, 2 WATT 
R9,RIO- 4701, 1/2 WATT 
Ci,C2,C3 = 0.1 MFD 

Qi- GE 2NZ646 


SCRILSCR2 —- CONTROLLED RECTIFIERS, AS 
REQUIRED 
SCR3,SCR4~ GE 2NIS95 


TRIGGER FOR INDUCTIVE LOADS—Designed 
for phase-controlled scr’s feeding inductive 
a-c load, Obtains synchronization from a-c 
supply voltage rather than from scr voltage. 
Trigger signal is continuous for most of de~ 


SCRZ 


TO LOAD 

CRI TO CR4 - GE INI69S 

CRS,CRE- GE INI765. 

CR7~ GE INI692 

CRO- GE INI776, 

Ti - {SQLATION TRANSFORMER (20/12,6/ 12.6 VAC, 
PRIMARY VOLTAGE DEPENDS ON LINE 
VOLTAGE (UTC FT-10 FOR 120V.) 

Ta- PULSE TRANSFORMER PE 2229, UTC HSI OR 

SPRAGUE 93220 EQUIVALENT 


sired conduction period. Ujt Q1 is connected 
across a-c line by bridge rectifier, for trig- 
gering on both halves of asc cycle.~-“SCR 


Manual,” 4th Edition, General Electric, 1967, 
p 196-197, 


CHAPTER 61 
Phonograph Circuits 


CERAMIC CARTRIOG &: M 
600 TO 1000pF aL. 


TO 2ND STEREO CHANNEL AMPLIFIER 


4-W IC PHONO AMPLIFIER—Bootstrapping of performance at different volume control set- 
R2 to increase input impedance is possible  tings.~D. V. Jones, Audio-Frequency Inte- 
because input and output of G-E integrated grated Circuits, Electronics World, July 1968, 
circuit are in phase, Article analyzes circuit Pp 54-56. 


CERAMIC PHONO 


PHONO 


FET MONO AUDIO—~Serves as complete con- construction details, including circuit of 34-V fier, and single 2,000-uF filter capacitor.— 
trol center for high- and low-impedance audio power supply using 117/25 V Stancor P6469 “Field Effect Transistor Projects,’ Motorola, 
sources, including tone controls and necessary transformer, HEP177 full-wave bridge recti- Phoenix, Ariz., 1966, p 57~74. 

equalization for each source. Article gives 
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1.5-W  LINE-OPERATED AMPLIFIER—Output +425V oh 
stage is powered directly from rectified a-c ep SPKR 
line, while driver transistor gets its voltage 
from extra winding on phonograph motor | eate 
after rectification.—D, E. Lancaster, Plastic 
Power Transistors—Advantages and Applica- 56K PHORDAR SON 
tions, Electronics World, Feb. 1968, p 50-52. 
Rinse 6.5K 
VINFIOOMY os uF MJE340 
POWER GAIN FOR 
CIRCUIT-60DB 
1OOUF 
AAAAANA +120V,, 2MA. 
20 20uF CHANGE TO .02 
yF 7 = 
Igor SF gga FET PHONO EQUALIZER-PREAMP—High-qual- 
ity performance is obtained with this voltage 
amplifier design, which provides proper bias- 
a = ing for field-effect transistors. Feedback net- 
cos i work at bottom center gives exact RIAA 
. equalization. Alternative network at lower 
= 5 right (with 0.015 capacitor changed to 0.02) 
& 3 ’ . . 
S  cartrioce rf is preferable for organ music having pro 
8 LOAD 5 nounced low frequencies. Gain is 40 dB, 
y SEN Tee ° and overload-to-noise ratio is 104 dB. Noise 
< level is 7 dB lower than best tube circuit, 
e overload level is § dB higher, and dynamic 
. range is much greater than with conventional 
transistors-W. A. Rheinfelder, Phono Equal- 
izer Uses FET’s, Electronics World, April 1966, 
p 32--33 and 93. 
(MEG, 1000 pF l200pF 
5%/o 5% 
RESISTOR R22 RZ, R34 R35. C ete 
ASOT-Ol-AA| 22 Re Tae a 
Haar seas 22 | 22 | 68 | 6a | (eal 
ASO7-Ol-BA} 18 tg. , o ; mee 
1O POWE 
| abet | row notor overvnno 
I OUTPUT be = [4 (2OVRMS.CENTER TAPPED! 
Sfp np at + 
asguro 
T 3 on eV 
£3 ee RT] TREBLE as | 
100K eax | Rash U4ne2 
{i 500K OUTPUT Pee 
BASS LOUONESS 
eeu aneo | T°" 500K swie cH stoaD 
cH) aes 3 o Fs 
cI 76800 soot) an 
oy = +3. +. ce 
coe ase ise e800 oe . FR an 
Loupneéss ] 1500 [EA] 
ae Sock ass | | Syren’ | 
TREBLE 
fe && | sook at 
seen Beda eS [aang oenek HEADPHONE 
at =a Re L ae 
6-W PORTABLE STEREO PHONO AMPLIFIER— it ba 


Obtains 20 Vi a-c from extra center-tapped 
winding on phono motor, Each 3-W chan- 
nel has individual bass, treble, and loudness 
controls, plus common balance control. Op« 
eration with both headphone and speakers 
disconnected may damage output transistors. 
Capacitance values above 1 are pF unless 
otherwise indicated—A507 Series Amplifier 


Chassis, Magnavox, Fort Wayne, Ind., Service 


Manual 4340, 1969. 


I3N~1 
PRE-DRIVER 


“TOV R20 
Lm are 78 


ola 
JOOMFD: 
tov 


| 


cia 
R26 330MFO 
25v 


=f cor 
=B.15Y, 4p. 
OUTPUT 
R28 
47) ps9 
=aov} 350 2 
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1-W IC FOR CERAMIC CARTRIDGE—Use of +22V Al4F 
PA234 IC minimizes number of external com- 
ponents needed for phono amplifier. A-c ~ I6VAG 
feedback network is independent of d-c feed- 
back network. Speaker coupling capacitor 
serves also as a-c bypass capacitor across 
d-c bias resistors.—Dwight V. Jones, 1 Watt 
1C Amplifier for Ceramic Phono Cartridge, 
General Electric, Syracuse, N.Y., No. 90,77, 22 
1969. MEG 


222 
SPEAKER 


CERAMIC 
CARTRIDGE 


FCS Ft 


R28 
: ATK 
| TO PHONO MOTOR 
aii OVERWIND 
of (30V RMS, 
CENTER TAPPED) 
Bet 
OUTPUT oe 
Qios 
\ 97Pi cus 
nies 
ei 
;———————> RIGHT 
cs | CHANNEL 
1 
i) 
RIO! 
Sieae 10 78 4700 car P2 
LOUDNESS wee te a8 ioo +———j 83! 
CHI 
PHONO J” SPKR 
INPUT r aa 6RO 
cH? 
R02 
2 MEG 
LOUDNESS OUTPUT 
alos 
“War 
ciae i. R04 clog =7.8V O7N2 
As 150k an 
RIZ6 a 
a 25v 
pent cH~2 
— > LEFT 
RI24 CHANNEL 
27 
‘ cue 
’ ey OUTPUT 
Qos 
97PI 
‘ 
:] 
co a et i | 


ee oe 
3 W WITH EIGHT TRANSISTORS—Provides 1.5  a-c to rectifiers for amplifier. Complemen- special Magnavox type numbers.~A509 Series 
W per channel of music power output, for tary-symmetry output stage drives speaker Amplifier Chassis, Magnavox, Fort Wayne, 
use in portable stereo phonograph having directly for each channel. Transistors have © Ind., Service Manual 4341, 1970. 

extra winding on motor for supplying 30 V 


ELECTRONIC 


3-W RECORD-PLAYER AMPLIFIER—Designed 
for use with cartridges having 300-mV out- 
put, such as crystal units. RIO acts with C4 
as simple treble control. Speaker provides 
fow-voltage supply (with Cé6) for collector 
of TR1.—“Transistor Audio and Radio Cir- 
cuits,” Mullard Ltd., London, 1969, p 44, 
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+22V 


Volume 
control 


ELECTRONICS 


Treble cut 
control 


(DRIVE BOOST} 


{C PHONO—Built around single silicon chip 


having six transistors, six resistors, ond 
diode. Has true temperature stability, well 
above melting point of phonograph records. 
Delivers 1.5 watts music power at no more 
than 5% distortion. No-signal voltages are 
shown.—A. F, Petrie, First Integrated-Circuit 
Phonograph, Flectronics World, Dec. 1966, p 
28-29 and 70. 


insert #47 pilot lamp here during testing to 


Power 
Supply 


ADJUSTS 
IDLE [| 20V 
CURRENT lv Bt 
2V 
oo) MICRO CIRCUIT 
aa 1.9V5, S830 «(10 ©) 
MAX CONTROLS (CLOCKWISE) * 4 To OY] = 
: PUT= 470pt RS8318 150 
24MV RMS@IKHZ INPUT QF ag TEA EW BV SPEAKER 
_1V. OUTPUT ACROSS SPEAKER & ‘ine 12 ono SYSTEM 
a 1 ~55V poe | (%3)3 470 
Al «05 22K : 2 ; 
VOLUME @) 22 ©) yoo | oe 
(cr) ==. 01 ‘a : Li Pw an : 
10 
*ONE 001) 30v (=. = 
Gayl (D.C. FEEDBACK) a 
25K 
| __] (A.C. FEEDBACK) aed 
& RLF, suppressors, @) > 
SA [7 to.17 ma, DLE CURRENT 
CHANGER 250 m 
SWITCH a On P-P 
<> SECONDARY RIPPLE 
SS WINDING OF 


limit current to safe value {lamp will not glow 


unless current exceeds 20ma}. 


PHONOGRAPH CIRCUITS 559 


+#IZVOLTS OSCILLATOR POWER SWITCH COMMUTATIOM FEEDBACK 
pane 


PHONO MOTOR SPEED CONTROL~Comple- 
mentary ujt 3N81 (dashed box) is used in 
rose free-running relaxation oscillator to stabilize 
speed of d-c motor drive for portable phono- 
graphs and tape recorders. Light reflected 
off disc on motor is sensed by phototransistor 
L14B, turning SCR2 on and turning off SCRI. 
When 0,22-uF capacitor charges te peak point 
and fires, SCR1 comes on again and process 
repeats itself to make motor synchronous 
Se ee with oscillator. Article describes operation in 
ATS TS Re SEPSIS detail.—W. R. Spofford, Jr., Complementary 

Unijunction Transistor, General Electric, Syra- 


i ce Cs | Pee es aoe cuse, N.Y., No. 90.72, 1968, p 15. 


STEREO PHONO PREAMP—Has 50,000-ohm 
input impedance for magnetic cartridges and 
delivers up to 10 mV for audio power am- 
plifier. Both channels are identical, each 
with its own RIAA feedback network, Article 
gives design procedure. If gain control is 
used between preamp and amplifier, it 
should be 25,000 to 100,000 ohms, without 
blocking capacitor.—J. G,. Holbrook, The 
Engineer’s Stereo Preamp, Electronics World, 
May 1968, p 44—45. 


5-W AUDIO 1C—Complete phonograph am- 
plifier is obtained simply by adding resistors 
and capacitors to General Electric PA246 IC 
audio amplifier. Frequency response is 30 
Hz to 100 kHz. Designed for 0.5-V signal 
from phono pickup and 16-chm speaker load. 
Can also be used in radios and tape record- 
ers. Requires 34-V supply.—IC Audio Am- 
plifier Puts Out 5 Watts, Electronics, Nov. 25, 
1968, p 111—112. 
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O01nF — 20uF 


SINGLE-lIC PHONO AMPLIFIER—Provides 25 
dB gain for 0.5 V rms output of ceramic 
pickup and delivers 1 W to 8-ohm speaker at 
5% harmonic distortion.—Westinghouse To 
Unveil IC Device, Electronic News, Aug. 21, 
1967, p 84. 
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GERMANIUM-TRANSISTOR PHONO PREAMP 
—Feedback gives RIAA equalization and off- 
sets inherent base-emitter nonlinearity, to 
give high fidelity along with required high 
input impedance and low output impedance. 
Gain is 40 dB. Current drain is 5 mA, and 
overload-to-noise ratio is 85 dB.—W. A. Rhein- 
felder, Phono Equalizer Uses FET’s, Electron- 
ics World, April 1966, p 32-33 and 93. 


GAIN BOOSTER FOR MAGNETIC CARTRIDGE 
—Single transistor boosts gain of tube pre- 
amp for crystal cartridge by 10, to permit 
use of magnetic cartridge without adding 
step-up transformer or extra separately 
powered tube stage. Cathode bias of tube 
is supply voltage for transistor—Y. L. Li, 
Cathode Voltage Boosts Amplifier Gain Ten- 
fold, Electronics, May 15, 1967, p 95. 


Ris 
I5V ew +22V to2dv 
Bass contro! Rr 
Re R7 Rg 22k 
SOKA linear 
ce 
ble} ‘i 
1OUF Ry Beko 
1ey _5ke Our 
Ceramic cartridge 16V 
Ro 
18MQ 
il TR 
opr, Bciaa 
R or BCIOS 
Gia nF Re 
Radio input 2502 incor STF Ga ee 
Trebie control uF nee Bye PF Output 
‘near 
7 one ee 
CERAMIC-INPUT AUDIO PREAMP—First stage Balance Volume, 
control control 


uses low-noise transistor, with switch giving 
choice of ceramic cartridge or radio input. 
Choose RI experimentally to give required 
sensitivity with radio used, then choose C12 


to give with R?} an 18-zs time constant. 
Balance control is provided for stereo use.— 


Te other channel 


“Transistor Audio and Radio Circuits,“ Mul- 
lard Ltd., London, 1969, p 42. 


PHONOGRAPH CIRCUITS 


+ 180V, 


+ 
2Q TO POWER 


TO AMPLIFIER 


MAGNETIC 4 
CARTRIDGE 7k vis. 


600pF 


0068 


LOW-NOISE PHONO PREAMP—Feedback from 
last anode into first cathode uses network 
trimmed to give exact RIAA equulization, 
Gain is 40 dB.—W. A. Rheinfelder, Phono 
Equalizer Uses FET’s, Electronics World, April 
1966, p 32—33 and 93. 


XTAL c3 
PHONO J} O.05pf 
INPUT 


WIRELESS PHONO OSCILLATOR—Developed to 
broadcast phono pickup signal of inexpensive 
phonograph to high-quality a-m_ receiver 
nearby, for better audio reproduction, An- 
tenna is limited to 10 feet by law. 11 
ferrite vari-loopstick, used for tuning to dead- 
spot at low end of broadcast band on re- 
ceiver.—“A Modern Transistor Workbook,” 
Radio Shack, Boston, Mass., 1965, p 15. 


is 


(DRIVE BOOST} 


c4 
ae 


ADJUSTS 
ZERO 


GAIN 
PA222 
“eR! INTEGRATED 
.9v_5] CIRCUIT 


MAX, CONTROLS(CLOCKWISE} 24mV RMS 
AT LkHZ INPUT~ 1V. OUTPUT ACROSS 
SPEAKER 


{BOTTOM 


CRYSTAL 
MONO . 

CARTRIOGE 

ASTATIC~(46 


hs TOI7mA 
IDOLE CURRENT 


O2VP-P> 
RIPPLE 


SECONDARY 
WINDING OF 
MOTOR 
16.5VA.C. 


INSERT #47 PILOT LAMP OURING TESTING TO LIMIT 
CURRENT TOSAFE VALUE 
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HEP 801 10K 


6 rer 30 VOLTS 


pe 
of 


INPUT 


FET MICROPHONE OR PHONO-—Gives excel- 
lent frequency response over wide range of 
supply voltages for ceramic or crystal micro- 
phone or phono cartridge.—"Tips on Using 
FET’s,”” 
1969. 


Motorola, Phoenix, Ariz., HMA-33, 


TOK 


tC PHONO—Complete audio amplifier circuit 
for portable phonograph, built around six- 
transistor IC audio amplifier, provides output 
of 1.5 W with less than 5% distortion. 
Volume control is connected to provide bass 
boost only at low level—Integrated Circuit 
Audio Amplifier PA222, General Electric, 
Syracuse, N.Y., No. 85.20, 1967, 
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INPUTS 
MIC. 
DUAL-CHANNEL 1C PREAMP—Uses two opera- 100k: 
tional amplifiers on single chip, similar to == 
Motorola MC1302P IC, External connections 
are shown for only one channel; other chan- 
nel is wired identically to terminals 1, 2, 5, 
and 6. Used in H. H. Scott Series 2500 a-m/ PHONO 
f-m compact stereo radio-phonos, Maximum 56k 
output is 3 V.—D. R. von Recklinghausen, 1C 
Op-Amp Hi-Fi Preamplifier, Electronics World, = 
June 1968, p 44-45. To 
MULTIPLEX 
DECODER 


ca 


 Senienientennantentntenteatententaneatanteateneeiantennen’ 
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RIAA PHONO PREAMP—Designed for mag- 
netic phono cartridge. 


Uses either Fairchild 


#A709 or National LM709 IC opamp with 
compensating R-C networks in feedback loop 
of first amplifier. Requires 6-mV input at 1 
kHz to give 4-dBm reference output level. 
Circuit rejects signals below 20 Hz to mini- 
mize transients.—S, L. Silver, IC Op Amps 
Boost Audio Circuit Performance, Electronics 
World, Sept. 1968, p 30-32. 


8 TRAGK AEHANNE 
i NN 
PLAYHEAD ct a , ouTPUT sack 
6V RIO 
t 4K 
i 
{ 
1 
\ 
{ 
\ a $7 
\ WANUAL TRACK CHARBE 
! SWATCH, BORWALLY OPEN 
\ CWOMENTARY CONTACT) 
{ Se a 
AUTOMATIC TRAGK CHARGE SIIOH | 
H 2802 8isR03 ACTUATED BY CONDUCTIVE SURFACE 7 
1 68K OW TAPE. 
RIGHT CHAN. I : 
8 TRACK, 4 CHANNEL 
PLAY HEAD if lot 
ixmetal . 120 VOLTS cf 
4 Tas 60 CYCLES 


rr ‘AC ONLY 
RUGHT CHAN. 
OUTPUT JACK 


H2OV. 60 CYLES 


POWER SWITCH 


RIO and R110. Frequency range is 50~ 


STEREO CARTRIDGE PLAYER-Delivers 0.1 V 
per channel into 200K impedance, for driving 


10,000 Hz.—Cartridge Tape Player STP631, 
Admiral, Bloomington, fl., Service Manual 
$1213, 1969. 


transistor amplifiers, To obtain 0.2-V_ out- 
put for tube amplifiers, clip 4.7K resistors 
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STEREO PHONO OSCILLATOR—Can be used 
ANTENNA with a-m radio to convert monaural phono-~ 
graph for sterea records. Change to stereo 
cartridge, feed one channel to regular phono 
amplifier, and connect other to JI for broad- 
casting to radio used for second channel. 
For good stereo effect, place radia about 7 ft 
from phonograph. Tune radio to dead spot, 
and adjust C1 until music is heard while 
playing stereo record, Antenna can be few 
feet of wire (legal limit is 10 ft). Values 
are: BT 1.5 V; B2 30 V; C1 365 pF; Rl 510K; 
L1 182 turns No, 30 enamel center-tapped on 
3e" form.—R, M. Brown, “104 Simple One- 
Tube Projects,” Tab Books, Blue Ridge Sum- 
mit, Pa., 1969, p 166. 


To one channel 
of stereo 
cartridge output 
(of phono or 
tape player) 


2-W IC PHONOGRAPH-—Uses GE PA-237 inte- 
grated circuit for driving 16-ohm speaker, 
with ceramic cartridge at input. Minimum 
cartridge output of 0.5 V gives 2 W power 
output with about 2% total harmonic dis- 
tortion at 1 kHz.—Dwight V. Jones, Mono- 
lithic 2 Watt Integrated Amplifier—Character- 
istics and Applications, General Electric, Syra- 
cuse, N.Y., No. 90.73, 1968, p 12. 
R8 
VOL. 220K TONE RI 

680 K 


160, 
SPEAKER 


+24V 


Rin 12 100K J 


CERAMIC CARTRIDGE 
600 TO I0Q0pF 


TO 2ND 
STEREO CHANNEL 
AMPLIFIER 


NOTE: To locate additional circuits in the category of this chapter, use the index at the back 
of this book, Check also the author’s “Sourcebook of Electronic Circuits,” published by 


McGraw-Hill in 1968. 


CHAPTER 62 


Photoelectric Circuits 


LIGHT-OPERATED ON-OFF SWITCH—Different 
combinations of wiring give choice of operat- 
ing methods. With wiring A, increase in 
light turns off load. With wiring B, increase 
in light turns on load. With wiring com- 
bination of A and C, increase in light turns 
off load but it is turned back on again when 
light level increases to level determined by 
setting of RI, as required for automatic night 
lamp in vacant homes or for street lamp con-~ 
trol. Connection D, for R9 and C2, is op- 
tional latching circuit. Maximum load is 600 
W.—Silicon Controlled Rectifier Experimen- 
ter’s Manual,” RCA, Harrison, N.J., p 106. 


Rt R1 
1k 1k 
ALL PHOTOCELLS 
ARE CLAIREX 703L 
SCHMITT TRIGGER DRIVES RELAY FASTER— 
Ordinary photoelectric control relay is in when light drops. 


Rig 
0 TO 250 


ger. With circuit configuration A, relay pulls 


With B, both cells must 


tripped directly at high speed in response to 
small changes in light intensity on photocon- 
ductive cell connected into basic Schmitt trig- 
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be illuminated for relay dropout, thus giving 
AND logic function. With C, illumination on 
either cell makes relay drop out, to give OR 


logic function. Reversing locations of RI and 
cells gives relay pull-in with increasing light; 
RI should then be increased to 50K.—R. A. 
Farrall, Light-activated Schmitt Triggers Con- 
trol Relay, Electronics, May 15, 1967, p 98. 
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CRi r Si F 
o~oolo— 120 
2-A PHOTOSWITCH—Provides on-off action. EGF Soi 
When light on photocell exceeds predeter- = 
mined level set by R4, relay releases and 
turns off lamp or other load. When light 
drops below same level, relay pulls in and Were 
turns on lamp load again. Values: RI 150; 
R2 5.6; R3 470; R4 250; Cl 5 uF; Fl 3 A; 3 
CRI SK3031; CR2 SK3030; Q1 SK3005; Q2 
$K3020; photocell KD2016; relay 1.35K 12 V. 
—"“Hobby Circuits Manual,” RCA, Harrison, Ne RELAY 
N.J., HM-90, p 87. “ 
OUTPUT 
oF (MAX. CONTACT 
CURRENT 
PHOTOCELL 2 AMPERES) 
te 
ad 
6 2 


SYNCHRONOUS SWITCHING—When photocell 
resistance increases or control switch is 
closed, ser-triac combination turns on load 
current only at next instant when’ a-c supply 
voltage passes through zero. Similarly, light 
an photocell or opening of switch does not 
turn off load until current next passes through 
zero. This gives minimum disturbance to 
is oe power supply when switching, with conduc- 
tion only for integral number of whole cycles, 
Eliminates rfi and audio filtering problems. 
With transformers or other inductive loads, 
eliminates fuse-blowing nuisance caused by 
surge of magnetizing current.—J. H. Gallo- 
LOAD way, Using the Triac for Control of AC Power, 
General Electric, Syracuse, N.Y., No. 200,35, 
1966, p 15. 


CDS PHOTOCELL FOR 
PHOTOELECTRIC CONTROL 
(OPTIONAL WITH §,) 


GE INI692 


RI 


VAI 
LIGHT-ACTUATED COUNTER—Designed for 
counting objects moving on conveyor belt. 
Operates only on leading edge of object, giv- 
ing ovtput power pulse that is adjustable 
between 15 ms and 5 s and is independent 
of length or shape of object. Silicon photo- 
cell feeds directly into base of first transistor 
of Schmitt trigger used to switch monostable 
TR3 from stable to unstable state, with du- 
ration of delay determined by Rt-Ct. Result- 
ing pulse, of predetermined length, is am- 
plified by d-c amplifier TR5-TR6 for driving 
electromagnetic counter or other numerical 
display device. Jitter of object does not 
cause false count.—‘Silicon Photocell Appli- 
cations,” Ferranti Ltd., Oldham, Lanes., Eng- 
land, No. 9, 1967, p 14. 
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BT YS -100R) 


DARKNESS-ON D-~C SWITCH—When light on 
phototransistor drops below 1,000 lux, tran- 
sistor generates trigger that turns on thyristor 
handling up to 16 A load current.—Applica- 
tions of Silicon Planar Phototransistor, BPX25, 
Philips, Pub. Dept., Elcoma Div., Eindhoven, 
The Netherlands, No. 316, 1967. 


9+ 2OV 


SILICON PHOTOCELL TURNS OFF TRANSISTOR 
—Illumination on cell generates signal that 
turns off transistor. Can be used in punched 
tape readers.—“Silicon Photocell Applica- 
tions,” Ferranti, Oldham, Lancs., England, No. 
9, 1967, p 6. 
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+50v 


5600 Load 


BF Y52 


1000. 
BTY9I-100R 


fn 


DARKNESS-OFF D-C SWITCH—With phototran- 
sistor dark, transistor has no base current 
and no collector current, so thyristor is held 
off. Light produces trigger that turns on 
thyristor to apply power to load. Requires 
1,000 lux to turn on 16-A load.—Applications 


of Silicon Planar Phototransistor BPX25, 


Philips, Pub. Dept., Elcoma Div., Eindhoven, 


The Netherlands, No. 316, 1967. 


high 50-Hz (or 60-Hz) flicker content, With -(\-- 


> 240V 
3 TR! 50¢/s 
oF 

LIGHT-CURTAIN GUARD FOR MACHINES— P57 
Fail-safe a-c system uses light source that is 6) 4---~]] 
modulated by operating small-filament lamp 
Be é . : @--)---- 
in series with rectifier from a-c line, to give 

@ 


modulated light, system will fail safe either 
if normally conducting transistor becomes 


BIAS CONTROL 


i 
i 

short-circuited or normally nonconductive ' | 
transistor becomes open circuit. Curtain of i | 
.light is projected across throat of punch press, 

power shears, or other dangerous machines, 

so operator cannot insert hand through cur~ Ry 
tain without interrupting at least one beam Vv 
of light and pulling in machine-stopping re- dd 
lay.—“Silicon Photocell Applications,” Ferranti 


Ltd., Oldham, Lancs., England, No. 9, 1967, 
p 18, 


TR.—Turns ratio 1 : 1-4—Primary Inductance = 1H. 
RL,—5000 P.O. Relay Type 3000. 


ies, 


KD2106! 


Kp2I02 
Ry 
2500 
INCREASE 
chy, SENSITIVITY 
50 pF>R | 
cw 


WHEN KD2i06 !S UNPLUGGED, 
{NO LOAD CURRENT) (Y) READS 
18.5 VOLTS, 


RESET MAIN 
CONTROL 
ciRcUIT 

LIGHT-OPERATED TURN-ON SWITCH—Will 


switch on lamp, heater, or universal motor 
up to 240 W at predetermined light level de- 
termined by setting of RI, C2 and R7 form 
optional latching circuit that keeps load on 
until line switch S1 is opened. Applications 
include turning on advertising signs when 
illuminated by auto headlights, turning on 
dock lights with spotlight or flashlight when 
boat is returning after dark, and turning on 
lights at darkness.—“Silicon Controlled Rec- 
tifier Experimenter’s Manual,” RCA, Harrison, 
N.J., 1967, p 100. 
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220V~ 
+10%-15°%o 


LOW-COST IC PHOTORELAY—Uses Philips 21- 
A60 two-transistor IC as amplifier for pho- 
tocell. Intended for use in industrial control 
installations where distance between light 
source and photocell is under 8 ft. Pulse~ 
shaping action of IC improves usefulness of 
output signal for driving up to 20 counting 
or logic units. Interruption of light on cell 
makes voltage across unloaded output ter- 
minals approach supply voltage.—Photoelec- 
tric Detecting System Using Light Sensor CSPD 
and Lamp Unit 1MLU, Philips, Pub. Dept., El- 
coma Div., Eindhoven, The Netherlands, No. 
12, 1968. 
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220-V A-C TWILIGHT SWITCH—Relay releases 
at darkness, turning on lamp load. Cell is 
cadmium sulfide RPY20; diode is BYX10; VDR 
Ne is voltage-dependent resistor E 299 DG/P248; 
R is IK; Cl 0.22 uF; C2 8 pF; relay is 20K 
with make at 45 V and break at about 20 V. 
Capacitor across relay prevents pull-in by 
flashes of light.—M. Donkers and E. B. G. 
Nijhof, The Application of Cadmium-Sulphide 
Photo-Conductive Cell RPY20 In Automatic 
Twilight Switches, Philips, Pub. Dept., Elcoma 
Div., Eindhoven, The Netherlands, No. 424, 
1964, 
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FURNACE-EMPTYING DETECTOR—Basic circuit 
detects long absences of action in industrial 
process where action can be converted into 
pulses of light. Originally developed to 
control slow emptying of furnace into hopper 


tionary for longer than 15 s, and return of 
disk to initial position. Cycle-terminating re- 


suspended on scales, so weight and time are 
registered and hopper emptied automatically 
if nothing dribbles out for 15 s. Uses com- 
bination of Philips IC gates connected as 
shown to provide required time delay and 


lay cannot operate again until disk is back 
home for start of new cycle.—H. Magro, De- 
tection of Long-Duration Pauses in Machine 
Operations, Philips, Pub. Dept., Eicoma 
Div., Eindhoven, The Netherlands, No. 67. 
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HIGH-SENSITIVITY PHOTO-DARLINGTON RE- 
LAY~Addition of two transistor amplifier 
stages to Ferranti ZM100 photo-Darlington 
permits turning on 1-A load with light level 
of only 2 lumens per sq ft—A Photo Darling- 
ton Pair, Ferranti, Oldham, Lancs., England, 
No. 36, 1968. 


O7SMA-LSmA. rere stad 
AI5B 
120 VAC 
0 DUT. 
AIS58 
MAX. PRE 
> 25 Ke/s 


2-A PHOTORELAY—Load current varies with 
intensity of light reaching photoconductive 
cell. Ujt relaxation oscillator frequency 
varies with resistance of photocell, to change 
firing angle of scr and thereby change aver- 
age current to load.—L. M. Hertz, “Solid State 
Lamps—Part II,” General Electric, Cleveland, 
Ohio, No. 3-0121, 1970, p 27. 


PUNCHED CARD READER—Tiny silicon photo~ 
cell with two-stage d-c amplifier is suitable 
for light intensities of 1,000 to 3,000 lumens 
per square foot, as commonly used in 
punched card or tape readers in which read- 
ing is done while card is stationary,—“Sili- 
con Photocell Applications,” Ferranti Ltd., Old- 
ham, Lanes., England, No. 9, 1967, p 7. 


OOK 2 


SMOKE DETECTOR RECEIVER—Responds to 10- 
pps pulsed light beam from transmitter, Op- 
tical path through area being monitored is 8 
inches long, with four mirrors each ¥4 inch 
square, One-shot triggers scr to turn on 
1.5-V bicycle-horn alarm if smoke interrupts 
pulsed beam. Draws only 3 mA from pair of 
D flashlight cells when horn is off.—L. M. 
Hertz, “Solid State Lamps—Part II,” General 
Electric, Cleveland, Ohio, No. 3-0121, 1970, 
p 31. 


SENSOR | ONE SHOT j ALARM 
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MAX. PRE. 
>25 Kejs. 


100 
a 


MOVING TAPE READER—Silicon-photocell cir- 


HOT-STRIP DETECTOR—Use of single-transistor cuit uses Schmitt trigger instead of straight 
d-c coupled amplifier stage between silicon d-c amplifier, for applications involving read« 
photocell and input to Schmitt trigger T2-T3 ing of holes in slow-moving punched cards or 
gives operation down to light levels of 10 tape. Since circuit switches rapidly from one 
foot-candles, as required for detection of hat state fo the other, operation is independent 
strip in rolling mills.—“Silicon Photocell Ap- of card or tape speed.—‘Silicon Photocell 
plications,” Ferranti id., Oldham, Lancs., Applications,” Ferranti Ltd., Oldham, Lancs., 
England, No, 9, 1967, p 11. England, No. 9, 1967, p 7. 


electromechanical 
transmission 
system 


DISPLACEMENT DETECTION—Circuit minimizes 
effect of spread in parameters and changes 
in parameters with time and temperature. 
Purpose of circuit is to maintain two plates 
in predetermined position with respect to- each 
other, with both photocells then receiving 
equal illumination, Uses Philips DOA42 
opamp having voltage gain of 12,000 to 
drive electromechanical positioning system in 
correct direction for rebalancing photocells.— 
J. van Stam, Accurate Positioning With Pho- 
tocells, Philips, Pub. Dept., Eleoma Div., Eind- 
hoven, The Netherlands, No. 81. 
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» output 


POWER-SWITCHING {C—Philips PAGO five- (noma 
transistor IC, including Schmitt trigger, pro- 1MLU) 
vides sufficient output power for energizing 
power relay when photocell is illuminated by 
IMLU lamp from distance under about 8 feet. 

—Photoelectric Detecting System Using Light 7* | &) 
Sensor CSPD and Lamp Unit IMLU, Philips, 
Pub. Dept., Eleoma Div., Eindhoven, The 
Netherlands, No. 12, 1968. 
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CONTROL 


CIRCUIT 


REGENERATIVE FEEDBACK FOR TWO PHOTO. 
TRANSISTORS—Cascade connection with feed~ 
back gives current gain of 20 for typical 
illumination, as compared to gain of 4 with- 
out feedback.—R. Sivaswamy, Current Feed~ 
back Enhances Phofotransistor Sensitivity, 


DIRECTION INDICATOR—Low-cost circuit ac- 
tuates flip-flop to indicate direction of inter- 
ruption of light beam by moving object. 
Output is negative-going at VOI if object 
blocks light to PC1 before PC2. For object 
moving in opposite direction, output is nega- 
tive-going at VO2.—H. J. Hildebrandt, Pho- 
tocell Control Indicates Direction of Motion, 
Electronic Design, Oct. 12, 1964, p 80—81. 


HIGH-GAIN PHOTORELAY—Three-stage direct- 
coupled amplifier with current gain of 10,000 
gives reliable operation of telephone relay 
with light intensities as low as 1 lumen per 
sq ft on silicon photocell.—‘Silicon Photocell 
Applications,” Ferranti Ltd., Oldham, Lancs., 
England, No. 9, 1967, p 11. 


Electronics, June 12, 1967, p 103. 


OUTPUT 
270 


Q2 
2N3677 


LOW-DRAIN FET LIGHT CONTROL~No power 
is dissipated by circuit in darkness, thus con 
serving battery life, Chief drawback is poor 
noise immunity, even though light-sensitive 
fet arrangement gives high voltage gain and 
high sensitivity.—B. R. Smith, Light-Sensitive 
FET, Electronics, Nov. 14, 1966, p 124—125. 


O+/0V 


Vor 


O-!0V 


+6¥ 


-2v RESET 


\X 


220k 


220k 


~l2v 
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LOAD 


INTERNAL-TRIGGER TRIAC—Will control 720 
W at up to 6 A. With connection A, load is 
energized when photocell is illuminated. 
With B, drop in light energizes load. Photo- 
cells are RCA 4453, triac is RCA-40431 silicon 
with internal trigger, R1 is 6.8K, and R2 is 
13K,—”Solid State Photosensitive Devices,” 
RCA, Harrison, N.J., p 22. 


FET DOOR-OPENER-Light saturates fet 
and turns off npn transistor Q2 to provide 


positive output voltage, as required 


OUTPUT 


+2v RESET 
Qi 


for 


garage-door openers, smoke detectors, and 
paper-break detectors. High voltage gain 
(above 100,000) and sensitivity of 0.1 foot- 
candle make circuit useful also in star track- 
ers. Has good noise immunity.—B. R. Smith, 
Light-Sensitive FET, Electronics, Nov. 14, 1966, 


p 124-125, 


Ch) 


+20 Vv0C 


SENSOR, TRANSISTOR, AND RELAY—Emitter- 
follower is used between 1N2175 and 8,000- 
ohm relay for impedance transformation. 
Emitter voltage can also be used to drive 
amplifier, flip-flop, trigger, counter, or scr. 
Relay pull-in current is 1.2 mA.—D. Abel, 
Light Sensors—Bright Future for an Expanding 
Technology, Electronic Design, Feb. 17, 1964, 
p 76-79. 


PUSH-PULL IC PHOTORELAY—Uses Ferranti 
ZLD2 differential d-c amplifier with silicon 
photocell at input, illuminated by Ferranti 
XP10 gallium phosphide light-emitting diode 
0.05 inch from active face of photocell. Full 
output swing of 10 V is obtained with 100% 
interruption of light beam by punched paper 


tape or shutter.—“Silicon Photocell Applica- 


tions,” Ferranti Ltd,, Oldham, Lanes., England, 
No. 9, 1967, p 13. 


DIAC-TRIAC CONTROL—When photocell 


dark, voltage across diac rises rapidly with 
a-c line voltage during each half-cycle, trig- 
gering diac early in cycle. When illumina- 
tion makes photocell resistance drop below 
2K, diac is not triggered and load power is 
shut off. For 240 V, change C1 to 0.1 uF. 
J. H. Galloway, Using the Triac for Control 
of AC Power, General Electric, Syracuse, N.Y., 


No. 200.35, 1966, p 15. 
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MOVING 
OBJECT 


Ra 
25KQ 


SSL 


COLORLESS-LIQUID DETECTOR—Photocell is 
initially positioned so light passes through 
empty glass tube to photocell. Apertures 
should be positioned so light goes through 
near inner edge of tubing, as shown. When 
liquid is present, it refracts light away from 
photocell. Any simple photoelectric relay 
circuit can be used to convert change in 
photocell impedence to relay or indicator 
operation.—“Solid State Photosensitive De- 
vices,” RCA, Harrison, N.J., p 27. 


HTVAS, cioes 
6OHZ 


SCR CONTROL—Simple line-operated modern 
control uses scr to pull in relay when illumi- 
nation on photocell increases to predeter- 
mined level set by potentiometer—J. G. Ra- 
binowitz, Photocells—Types, Characteristics, 
and Applications, Electronics World, Sept. 
1968, p 23-26. 


POTTER & BRUMFIELO 
LBS-35000 OHM 


FLOW MONITOR—Used to defect impending 
catastrophic jams of small components mov- 
ing down conveyor chute at high speed and 
shutting down line, while ignoring small self. 
clearing pile-ups. RI controls amount of 
beam interruption permitted before relay is 
120 V 60 Hz energized.—L. M. Hertz, “Solid State Lamps—~ 
Part II,’ General Electric, Cleveland, Ohio, 
No. 3-0121, 1970, p 18. 
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, 
INCIDENT INCIDENT 
LIGHT LIGHT 
| ] [ 


TRANSPARE. TRANSPARENT 
TUBING \, TUBING 


PHOTOCELL APERTURE PHOTOCELL 


CLOMSL 


SUNSET LAMP—Turns on night light or mast- 
head lamp on boat when twilight falls. 
Uses modified complementary Schmitt trigger 
in which transistors conduct heavily when 
dark resistance of photocell goes above 1,500 
ohms. In daylight, photocell drops below 
500 ohms, transistors turn off, and battery 
drain drops to 400 uhA—!. G. Rabinowitz, 
Photocells—Types, Characteristics, and Ap- 
plications, Electronics World, Sept. 1968, p 
23-26, 
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KO02104 


Py LIGHT-OPERATED TURN-OFF SWITCH—RI de- 
S termines level at which circuit interrupts 
power to lamp, heater, or universal motor up 
tf 
«D2I06 


to 240 W.  R6 and C2 provide optional latch- 


ing to hold load off until line switch SI is 
opened.—"Silicon Controlled Rectifier Experi- 
menter’s Manual,” RCA, Harrison, N.J., 1967, 
p 103. 


Rt 
2500 
INCREASE 
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We PHOTOCELL 


"THE RELAY FRAME |S AT ARMATURE POTENTIAL AND SHOULO BE 
INSULATED FROM A COMMON CHASSIS FOR SAFETY REASONS, 


LIGHT-RESPONSIVE ALARM—IIlumination on 
photocell, by burglar turning on room lights 
or flashlight, energizes relay to turn on out- 
door lights, alarm, or hi-fi stereo recording 
of vicious barking dog. Values: RI 5.6; 
R2 25K; R3 2K; C 8 uF; CR 1N1763A; photo- 
cell 7163; relay 10K at 2 mA.—“Solid State 
Photosensitive Devices,” RCA, Harrison, N.J., 
p 24. 


WHEN KD2I06 IS UNPLUGGED, 
{LOAD CURRENT FLOWS) 
@ READS 18.5 VOLTS. 


NOVac 
(+10 Yo; ~15 %) 


TWILIGHT 
across relay makes circuit insensitive to short 
light flashes and prevents relay from chatter- 
ing as twilight fails and decreasing illumina- 
tion on photocell increases impedance of cell 
to make relay release and apply power to 


SWITCH—Electrolytic capacitor 


lamp load. Lightning arrester (Sigma Instru- 
ments A112) protects photocell from tran- 
sients above 2 kV produced by lightning in 


break~contact.S 
O 7) 


\ 
' 
| —® to load 
if 


power line. Diode is BYX10; Rs 3.3K; C 8 uF; 
photocell RPY20; VDR voltage-dependent re- 
sistor E 298 GD/A262; relay is 21.8K, with 
make at 45 V dec and break at 18 V d-c.— 
M. Donkers and E. B. G. Nijhof, The Applica- 
tion of Cadmium-Sulphide Photo-Conductive 
Cell RPY20 In Automatic Twilight Switches, 
Philips, Pub. Dept., Elcoma Div., Eindhoven, 
The Netherlands, No. 424, 1964. 


R 
Sensitivity 50 
ko 


DRIVE FOR SCHMITT TRIGGER—Light on ORP- 
12 photocell triggers circuit and energizes 
lamp or relay load at level determined by 
R2, If set to trigger at 0.1 lux, circuit will 
be triggered again and lamp turned off when 
illumination rises to 0.11 lux and sensitivity 


? 


is maximum. At minimum sensitivity, circuit 
triggers at 3.2 lux and retriggers to turn off 
lamp at 6.5 lux. Chief advantage of using 
Schmitt trigger is that output is switched very 
rapidly and does not remain in condition of, 
high dissipation for long. Lamp load can 


+28V 


be up to 6 W. TRI and TR2 are BFY52, TR3 
is BFY51, and DI is OAZ215.—Applications of 
the BFY50, BFY51 and BFY52, Philips, Pub. 
Dept., Elcoma Div., Eindhoven, The Nether» 
lands, No. 428, 1965. 
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CARD READER-—Schmitt trigger controlled by 
photovoltaic cell operating in diode mode 
provides consistent output from punched card 
or punched paper tape reader head assembly 
for light levels ranging from 100 to 1,000 
foot-candles. Output is compatible with TTL 
or DTL logic and independent of erratic move- 
ment of cards or tape.—T. B. Stephenson, One 
Hole, One Pulse From Flutterless Card Reader, 
EDN, Feb. 15, 1970, p 59. 


LIGHT-INTERRUPTION CONTROL—When beam 
between solid-state lamp and light-activated 
ses is interrupted, anode of silicon unilateral 
switch goes positive on next positive cycle of 
asc line, triggering sus and scr to energize 
load for as long as light beam js interrupted. 
—L. M. Hertz, “Solid State Lamps—Part 11,” 
General Electric, Cleveland, Ohio, No. 3-0121, 


COMMON 


Sst! 


1970, p 16. 
428y 
O 
24K 20K 2k 
1N2175 
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PHOTODUODIODE PREAMP—Provides voltage 
amplification of 30 dB, Rat within 1 dB from 
10 Hz to 20,000 Hz, for signal output of IN- 
2175 npn, diffused silicon photoduodiode. 


SK 


Applications include high-speed reading of 
punched cards and punched’ tape, light meas- 
urement, conveyor-line counting, and military 
light-detection systems. Output obtained 


across IK load resistor is 4 V p-p.—’Preferred 
Semiconductors and Components,” Texas In- 
struments, Dallas, Texas, CC101, 1968, p 
27804. 
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+10 VO 
“ENERGIZED” 
Kt f 
SA "8 SIMPLE LIGHT-OPERATED RELAY—200 foot- 
SIGMA candles on phototransistor Q1 saturates Q2 
O1 11F-2300-GSIL and pulls in d-c relay. Cl protects Q2 from 
MRD300 


a2 


“SY -Liv 


CLAIREX 
Clr3. 


2N2078 


2né72 


+15¥ 


HIGH-SENSITIVITY DETECTOR—Differential 
amplifier circuit gives relay operation for 
very small percentage change in light on 
photocell. Can be used in light-beam bur- 
glar alarm systems and machine-tool safety 
systems. RI is decreased until current 12 is 
just sufficient to hold relay in when photocell 
illumination is normal. Decrease of fraction 


MPS3394 


0~100 MA 


SIGMA 


o 41 FZ-10 ACG 


of foot-candle in light then makes 12 drop 
about 20 mA, releasing relay and tripping 
alarm, SI must then be open momentarily 
to energize relay and reset system.—E. S. 
Gordon, Photoelectric Circuit Operates With 
High Light Resolution, 400 Ideas for Design 
Selected from Electronic 
Book Co., N.Y., 1964, p 107. 


inductive voltage spike of relay coil.—“Semi- 
conductor Power Circuits Handbook,” Moto~ 
rola, Phoenix, Ariz., 1968, p 6-38. 
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LY 


« 
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SECTION 
B 


Rg 


LIGHT-CONTROLLED SERVO—Two 12-V pho- 
tocell-Schmitt triggers connected back-to-back 
apply no voltage to motor when both photo- 
cells are illuminated. When either photocell 
is dark, its relay pulls in and energizes motor 
for rotation in corresponding direction. 
Values: R1 5K; R2 820; R3 270; R4 820; RS 
10; R6 IK; CR RCA-40266; QI 40234; Q2 
40084; photocells $Q2508; relays 96 ohms 12 
V (shown de-energized).—‘Solid State Photo- 
sensitive Devices,” RCA, Harrison, N.J., p.27. 


Design,” Hayden 


IN-PHASE 
WITH MAIN 
SUPPLY 
FOR LOAD 


RAMP-AND-PEDESTAL CONTROL—Photocell 
determines pedestal voltage to which capaci- 
tor is charged through transistor at beginning 
of each half-cycle. Capacitor then continues 
to charge along adjustable ramp until ujt 
triggers and fires load ser’s through trans- 
former. With lamp load for illumination 
control, rms voltage across load can be regu~ 
lated by exposing photecell to small pilot 
lamp connected across load. For regulation 


ae 
Cenevit Cf) 
D oho 


f “sore 


Zens PHOTOCELL WITH MECHANICAL 


SHUTTER FOR SETTING LIGHT LEVEL 

of load current, low-voltage high-current 
lamp is connected in series with load and 
placed near photocell. For proportional con- 
trol of load in response to mechanical posi- 
tion, sensing element should drive shutter be- 
tween lamp ‘and photocell.—F. W. Gutzwiller 
and E. K. Howell, Economy Power Semicon- 
ductor Applications, General Electric, Syra~ 
cuse, N.Y., No. 671.1, 1965, p 12. 
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+24 


transistor, and biasing effect resulting there- 
from is overcome with connection shown, 
Adjust RV until phototransistor in dark is just 


REDUCING DARK CURRENT—IIlumination of 
only 10 lux produces output voltage change 


of about 20 V in high-sensitivity circuit hav- 
ing backlash of only about 0.5 lux. Dark 
current is reduced by connecting high resist- 
ance between base and emitter of photo- 


cut off.—Applications of Silicon Planar Pho- 
totransistor BPX25, Philips, Pub. Dept., Eleoma 
Div., Eindhoven, The Netherlands, No. 316, 
1967. 


RESISTIVE TO 6AMPS 


(SK 


H7V AC. 
6OHZ 


CLOMS 


CAN USE RCA~4043! IN PLACE OF BOTH SEMICONDUCTORS (OMIT 1.5K RES.) 


24v 


TO CONTROLLED 
CIRCUIT 


24-V SCHMITT TRIGGER-—With connection A, 
relay is energized when light drops below 
value determined by setting of RI. With 
connection 8, relay is energized when light 
rises above predetermined level. Values: 
R} 1K; R2, R3 2.2K; R4 300; RS 12; R6 10K; 
R7 75K; CR 40266; Qi, Q2 40084; photocell 
No. 1 $Q2508; photocell No. 2 $Q2519; relay 
360 ohms 24 V.-—“Solid State Photosensitive 
Devices,’ RCA, Harrison, N.J., p 21. 


6-A TRIAC CONTROL—With illumination on 
photocell, triac turns off power to load.—J. 
G. Rabinowitz, Photocells—Types, Character- 
istics, and Applications, Electronics World, 
Sept. 1968, p 23-26. 
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A-C POWER CONTROL—When fight on pho- 
totransistor rises above about 700 lux, thy- 
ristor is triggered and turns on load current 
up to 16 A from a-c line. Circdit does not 
Iatch on because thyristor disconnects supply 
from load at end of each positive half-cycle. 
Circuit retriggers aboyt 6 deg pust zero volt- 
age if phototransistor still has sufficient illu- 
mination.—Applications of Silicon Planar Pho- 
totransistor BPX25, Philips, Pub. Dept., Elcoma 
Div., Eindhoven, The Netherlands, No. 316, 
1967. 
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‘ \ _]PHOTOCELL 
| \ 6.3-V A-C TRIAC CONTROL—Light makes pho- 
1°) Q tocell impedance drop, and resulting increase 
uy Fai in cell current triggers triac on. Will handle 
60Hz lamp or other load currents up to 2.5 A, with 
Oo 15 W maximum. Triac Q is RCA-40528 and 
photocell is 5Q2519.—"Solid State Photosen- 
sitive Devices,” RCA, Harrison, N.J., p 21. 
+l2v LOAD To 
8 AMR 
2870 
ZT X300 
9 kan 
zw 
a i os 5V, I0OmA 
PHOTO-DARLINGTON WITH AMPLIFIER CONTROL 


Transistor provides sufficient additional gain 
for operating relay when light level on Fer- 
ranti ZM100 photo-Darlington is below 50 
lumens per sq ft.—A Photo Darlington Pair, 
Ferranti, Oldham, Lancs., England, No. 36, 


1968. 


AIZA 


GARAGE-DOOR CONTROL—Polarized light 
source on moving vehicle can trigger photo- 
cell of control up to 50 feet away, without 
tisk of accidental triggering by stray or am- 


2N- 


PHOTO-DARLINGTON AMPLIFIER—Two 
5779 npn planar silicon glass-housing tran- 
sistors in Darlington connection are illumi- 
gated by lamp whose intensity varies with 
control current, for control of loads up to 
1,000 W. By increasing 27K resistor to 56K 
and using C122D scr’s, load can be 2,000 W 
at 240 V.—Light Sensor 2N5777-2N5780, Gen- 
eral Electric, Syracuse, N.Y., No, 55.46, 1969. 


STEPPING 
RELAY 


DUAL ELEMENT 
PHOTOCELL CL703/2 


Article covers method of mount- 


bient light. 
ing horizontal and vertical polarizing filters 
in system. Can be adapted for variety of 
other remote control applications, including 


OF POLARIZATION 


selection of single target from group of pho~« 
tocells.—E. K. Howell, Polarized Light Triggers 
Remote Control System, Electronics, Jan. 23, 
1967, p 88-90. 
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RCA PHOTOCELLS: 
No.1, TYPE $Q2508 


No.2, TYPE 892520 6-V SCHMITT TRIGGER—With photocell con- 


nection A, load is energized when light drops 
below predetermined level set by R8. With 
connection B, load is energized when illumi- 
nation rises above predetermined level.— 
Rg: 22 “Solid-State Photosensitive Devices,” RCA, 


LOAD iN Rg: 1200 Harrison, N.J., p 20. 
OA WAX, Rg: 390 


Q1, Qg: RCA-2N404 
Qg: RCA-2N388 


\s PHOTO- a 


APERTURE LAMP 


| or 


SINGLE-APERTURE POSITION INDICATOR—If 
photocells are uniformly spaced on circum~ 
ference of circle, with lamp and aperture 
mounted on radius arm, meter will indicate 
angular position of aperture by reading max- 
imum voltage when only photocell No. 1 is 
illuminated and minimum voltage when low- 
est cell (No. 5) is illuminated, All resistors 
are equal, and can be any value that gives 
reasonable power dissipation for d-c voltage 
source used, while giving desired full-scale 
voltage at meter for light on first photocell. 
For conditions shown, with light on No. 3 
cell, meter voltage is equal fo source voltage 
multiplied by ratio of sum of R3, R4, and 
R5 to sum of all five resistances.—’’Solid State 
Photosensitive Devices,” RCA, Harrison, N.J., 
p 26. 


erague 
MATERIAL 


\ 


BURGLAR LAMP—When photocell is illumi- 
nated and switch S$ closed, current flows 
through photocell and relay, so lamp is not 
energized. At twilight, relay opens and lamp 
is connected directly across a-c line. Used 


yw PHOTOCELL 


Rg 


120V ct to discourage burglars when home is un- 
ann occupied. Open § to reset. Values: RI 
fe) 5.6; R2 25K; R3 2K; C 8 uF; CR IN1763A; 


Photocell 7163; relay 10K at 3.5 mA—Solid 
State Photosensitive Devices,” RCA, Harrison, 
N.J., p 23. 


SENSITIVE LIGHT-OPERATED LINE SWITCH— 
Cadmium sulfide photocell turns triae on 
through Schmitt trigger Q2-Q3 when light 
level falls below preset value determined by " 
R4, Circuit has very little backlash, so only 240 VAC levoe 
small change in light level is needed to make 
triac turn on or off. Load can be up to 6 A, 
using RCA 40429 triac for 120 V and 40430 
for 240 V.—R. M. Marston, 20 Triac Circuits, 
Radio-Electronics, June 1970, p 51-53 and are 
97. 2702 


120 OR 
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PHOTO-DARLINGTON RELAY--Uses  Ferranti 
ZM100 photo-Darlington having high sensi- 
tivity at low light levels. Maximum dissi- 
pation rating of 300 mW at room temperature 
can be increased 50% by mounting on heat 
sink. 60-W lamp 8 inches away will pro- 
duce the required 50 lumens per sq ft to 
switch relay.-A Photo Darlington Pair, Fer- 
ranti, Oldham, Lancs., England, No. 36, 1968. 


2N4990 
sik OlaF 


27K 


+5V 


LS-400 


SENSOR AND RELAY~High sensitivity of 
Texas Instruments LS-400 npn silicon planar 
light sensor permits direct drive of 2-mA re- 
lay from 5-V source, eliminating need for 
transistor amplifier stage. Relay will pull in 
on minimum light intensity of 600 foot- 
candles.—D, Abel, Light Sensors—Bright Fu- 
ture for an Expanding Technology, Electronic 
Design, Feb. 17, 1964, p 76-79. 
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HIGH-SENSITIVITY LIGHT-PRESENCE DETECTOR 
—Phototransistor and ujt allow much lower 
levels of light to actuate scr, When light 
reaches phofotransistor, ujt becomes relaxa- 
tion oscillator, at frequency considerably 
above 60 Hz. Scr is then turned on early in 
positive half of each cycle.—“SCR Manual,” 
4th Edition, General Electric, 1967, p 299. 


1ISV, 6OHz 


LIGHT-INTERRUPTION DETECTOR—When light 
on light-activated silicon controlled switch 
{lascs) is interrupted, anode voltage of 2N- 
4990 unilateral switch goes positive on next 
positive half-cycle, triggering switch and scr, 
Load is then energized for as long as there 
is no light on lascs—“SCR Manual,” 4th Edi- 


tion, General Electric, 1967, p 298. 
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PHOTOELECTRIC-INPUT SIX-DECADE SCALER— 
Will count up to 25 objects per second moving 
through light beam if ORP60 cadmium sulfide 
cell is used with 2,000-lux level, and up to 
13 objects per second with 1,000-lux RPYI5 


i R Rog 
0 ‘s Y 

2 “3 33 

+ Cormnon reset ine 1 

‘Units counter Tens counter Hunareds counter 

cell, Four additional decades may be added, Coupling Circuits for the Z504$ Stepping 


each having gas-filled Z504$ decade counter 
and three-transistor pulse-shaper coupler.— 
G. C. Chappell and G. F. Jeynes, Transistor 


Tube, Philips, Pub, Dept., Elcoma Div., Eind- 
hoven, The Netherlands, No. 15, 1965, p 26— 
38. 
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AT AMPLIFIER LOCATION 


VOLUME -CONTROL 
AT REMOTE 
LOCATION 


ELECTROSTATIC 


SHIELOED 
SHIELD LEAD 
(FINE MESH SCREEN) 


REMOTE POT—Permits adjusting volume of hi- 
fi or pea system from practically any desired 
distance, using only battery and pot R at 
remote location. When arm of A is at 1, 
upper lamp is out and lower lamp is lit, so 
lower photocell has minimum resistance and 
provides maximum attenuation of audio sig- 
nal—"Solid State Photosensitive Devices,” 
RCA, Harrison, N.J., p 27. 


LIGHT -THGHT | 


LIGHT - TIGHT 
BOX PARTITION 


CR 


PHOTOCELL 


120-V A-C PHOTORELAY—Will operate at l20v 
light levels as low as 1 foot-candle. R2 s0H2 
adjusts sensitivity of circuit. Suitable for 
either on-off control or gradual changes in 
illumination, Values: R1 5.6; R2 25K; R3 2K; 


ocr 
RELAY 
*THE RELAY FRAME 1S AT ARMATURE POTENTIAL AND SHOULD BE 


C 8 uF; CR 1N1763A; photocell 7163; relay INSULATED FROM A COMMON CHASSIS FOR SAFETY REASONS meme 
10K at 2.5 mA.—"Solid State Photosensitive t 3 
Devices,” RCA, Harrison, NJ., p 21. TO 
CONTROLLED 
CIRCUIT 
VOLTAGE -SENSITIVE SWITCH 
1 SECTION ' SECTION 2 
120-V A-C SCR CONTROL FOR 150 W—Switch 
S reverses operation of circuit; when set at 
X, scr is on when photocell is dark, and in- 
crease in light makes it turn off load. When 
set at Z, load is energized by increase in 
light level. Values: RI 4.7K; R2, R4 150; R3 
56K; R5, R6 4.7K; R7, R8 15; C 0.22 uF; CR 
1N2861A; photocell 7163; load L 150 W.— 
“Solid State Photosensitive Devices,” RCA, 
Harsison, N.3., p 22. 
iow 
AC 
6OH2 OD 
REMOTE 
LOAD uy * R INDICATOR 
ANY : 
% >-|~o 
- PHOTOCELL 
kg wt te 
Ov LEVEL 
60Hz x ; 
L3 \ 
PHOTOCELL 
PHOTOCELL a ras 7 


120-V A-C TRIAC CONTROL—When photocell 
is dark, its impedance is high and C charges 


PHOTO-DARLINGTON FOR 1-A LOAD-—When 
illumination on Ferranti ZM100 photo-Darling- 
jon is above 50 lumens per sq ft, only one 
transistor amplifier stage is required to turn 


on 1-A load. Inductive loads require diode 
in parallel to reduce voltage transients.—A 
Photo Darlington Pair, Ferranti, Oldham, 
Lanes., England, No. 36, 1968. 


to firing voltage of neon L, triggering tria¢c 
on and delivering power to load. Increase 
in light reduces photocell impedance, so C 
cannot charge enough to fire neon and trig- 
ger triac; load is then off. Q can be RCA 
40429, 40485, or 40575 silicon triac. Photo- 
cell is RCA 7163, L is 5AH neon, C is 0.1 uF, 
and R is 15K.—“Solid State Photosensitive 
Devices,” RCA, Harrison, N.J., p 22. 


BIN LEVEL INDICATOR—Can be used with 
any number of levels. When grain or other 
dry material in bin blocks light from lamp 
to photocell, associated neon 3AG lamp comes 
on. Highest lamp glowing on indicator panel 
corresponds to level in bin. Photocells are 
RCA SQ 2503 and resistors are 330K.—“Solid 
State Photosensitive Devices,” RCA, Harrison, 
N.J., p 26. 


PHOTOELECTRIC 


CIRCUITS 


LIGHT-TRIGGERED ONE-SHOT—With no light 
on laser, ses conducts but load is off. Short 
pulse of light on lascr turns it on and turns 
off ses. Load, which may be indicator lamp, 
is then energized. After delay of about 0.6 s 
while 4-4F capacitor charges through 220K, 
scs is turned on and laser is commutated off. 


Useful for detecting presence of pulses of 
light lasting Jonger than some minimum time. 
For longer pulses, Jascr remains conducting 
and indicator stays on.—l. M. Hertz, “Solid 
State Lamps—Part HH,” General Electric, Cleve- 
land, Ohio, No, 3-0121, 1970, p 16. 


+12V 
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12-V SCHMITT TRIGGER—With connection A, 
relay is energized when light drops below 
value determined by setting of RI. With 
connection B, relay is energized when light 
rises above level set by R7. Values: RI 5K; 
R2 820; R3 270; R4 820; RS 10; R6 IK; R7 


NSV, 6OHx 


Clos 
scR 


HIGH-SENSITIVITY LIGHT-ABSENCE DETECTOR 
—When phototransistor is dark, ujt operates 
as relaxation oscillator and energizes scr and 
load on positive half-cycles.—“SCR Manual,” 
4th Edition, General Electric, 1967, p 299. 


10K; R8 1.2K; CR 40266; Q1 40234; Q2 40084; 
photocell No. 1 $Q2508; photocell No. 2 5Q- 
2536; relay 96 ohms 12 V.—“Solid-State Pho~ 
tosensitive Devices,” RCA, Harrison, N.J., p 
20. 


4+24V 


(aes) 


BPX25 


DIRECT CONTROL OF RELAY—With 24-V 
],000-ohm relay, illumination of about 10,000 
lux will energize relay. Lower illumination 
can be used with higher-resistance relay.— 
Applications of Silicon Planar Phototransistor 
BPX25, Philips, Pub. Dept., Elcoma Div., Eind- 
hoven, The Netherlands, No. 316, 1967. 
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CHOPPED-LIGHT 


DETECTOR—Photo-fet in 
simple circuit provides 8 dB gain for chopped 
incident light, in much less space than photo- 


diode-transistor combination. Upper fre 


quency limit is about 7 kHz.—M. Shipley, 
Using Photo Field-Effect Transistors, Efectronic 
Design, Aug. 31, 1964, p 76. 


o-6V 


TAPE READER WITH ECCLES-JORDAN TRIG- 
GER—Gives reliable reading of holes in mov- 
ing punched cards or tape, for light intensi- 
ties of 1,000 to 3,000 lumens per sq ft, Am- 
bient temperature can be up to 100 C.— 
“Silicon Photocell Applications,” Ferranti Ltd., 
Oldham, Lancs,, England, No. 9, 1967, p 8. 


SOLAR-CELL BUZZER—Flashlight beam on solar 
cell makes pnp transistor Q1 turn on paral- 
leled npn transistors Q2 and Q3 to close 3-V 
flashlight-cell circuit to smalf buzzer. R1 is 


50K pot. Transistor types are not critical, 
and may be low-cost units. Solar cell and 
other parts are available from Radio Shack, 
730 Commonwealth Ave., Boston, Mass.—Light 
Operated Buzzer, Elementary Electronics, Jan. 
-Feb. 1968, p 14, 
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IC TRIGGER—Ferranti ZLD2 IC differential am- 
plifier is operated with positive feedback to 
give triggering when silicon photocell gener- 
ates voltage in excess of 5-mV input hystere- 
sis value. Potentiometer serves to compen- 
sate for offset voltage of amplifier.—Microlin 
Amplifiers ZLDZS and ZLD2T, Ferranti Ltd., 
Oldham, Lancs., England, No. 11, 1967, p 19. 


=h2Vv 


POSITION-SENSING SERVO—Two silicon MS- 
9B photocells mounted side by side are 
iluminated by single narrow beam of light. 
Relative movement between beam and pho- 
tocells causes one photocell to generate more 
output than the other, for amplification by 
Ferranti ZLD2 iC differential amplifier. Po- 
larity of output depends on which photocell 
has more illumination, Output is zero for 
equal illumination. Gain is 100 with parallel 
voltage feedback us shown.—Microlin Am- 
plifiers ZLD2S and ZLD2T, Ferranti Ltd,, Old- 
ham, Lancs., England, No. 11, 1967, p 20. 


1 ry 
ACYI7 
en 


s00v T13% 


—— 
45V 45%. 


Light sensitive 
potential dividers 


25-HZ PHOTOELECTRIC COUNTER—Will count 
objects moving through light beams at speeds 
up to 25 objects per second if ORP60 cad- 
mium sulfide input network is used; this re- 
quires illumination level of at least 2,000 
lux, falling to background! level below 10 


ov 


~9-aVE5te 
Se 


R 
Bou 
_t 8BV 55% 


a) 


Schmitt trigger 
circuit 
lux when object interrupts light beam. Al- 
ternative RPYI5 cell requires only 1,000 lux 
but counting speed is limited to 13 objects per 
second. Photocell drives Schmitt trigger that 
generates pulse with required rise time to 
operate ACYI7 cascode circuit feeding Z504S 


Gourde puise 

shaping circuit 
cold-cathode decade stepping tube.-G. C. 
Chappell and G. F. Jeynes, Transistor Coupling 
Circuits for the Z504S Stepping Tube, Philips, 
Pub, Dept., Elcoma Div., Eindhoven, The 
Netherlands, No. 15, 1965, p 26-38. 
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“THE RELAY FRAME IS AT ARMATURE POTENTIAL AND = LL———.4 
SHOULD BE INSULATED FROM A COMMON CHASSIS FOR 
SAFETY REASONS. 


o- 


TINY 25-W PHASE CONTROL—Consists only of 
miniature lamp, lascr, four small diodes, and 
two resistors, almost fitting in walnut shell. 
Can be used for continuous phase control of 
small heating element such as soldering iron 
and for dimming lamps up to 25 W. At low 
applied voltages, miniature lamp will still 
reach laser firing level in about 3 Hz because 
of its small low-mass filament. Lamp volt- 
age drops to zero when laser fires, protecting 
lamp and resetting it for next half-cycte. 
Lamp should touch lascr.—-E. K. Howell, The 
Light Activated SCR, General Electric, Syra- 
cuse, N.Y., No. 200.34, 1965. 


TWILIGHT TURN-ON AND CLOCK TURN-OFF— 
For window display lights in stores. 24-hour 
timer is set so its contacts close in mid-after- 
noon and open at desired turn-off time for 
display in late evening. Lights cannot come 
on in daylight, however, because relay is 
energized when photocell is illuminated. At 
twilight, photocell impedance goes up, relay 
drops out, current flows through lamp load, 
and timer takes over. Values: R1 5.6; R2 
25K; R3 2K; C 8 uF; CR 1N1763A; photocell 
7163; timer Intermatic T101,~Solid State 
Photosensitive Devices,” RCA, Harrison, N.J., 
p 23. 


DIRECT-COUPLED PHOTODIODE SWITCH— 
Uses low-cost components to provide tempera- 


Supply —4 V de ; . 
ture compensation, for accurate sensing of 


CR, 1N758 

CR,  1N2175 light in control applications. Responds to 

R, 1.2K very slow changes in illumination.—”Selected 

R, 510K Electronic Circuitry,” NASA 5P-5046, 1966, 

Rs 82K Government Printing Office, Washington, D.C., 
~Vde e R, 1892 p 88. 
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ilk 


CLAIRE X 


S <<] sreaxtr + 4. ms 
VARIABLE-THRESHOLD AMPLIFIER—When in-« 
cident light on photocell reaches predeter- 


VIEWING PANEL LAMP REMOTELY—Photocell 
in housing is taped or otherwise fastened 
over panel lamp, to actuate 1,000-Hz oscil- 
lator that drives speaker. When lamp comes 
on, tone can be heard by technician working 
at rear of equipment or elsewhere. Elimi- 
nates need for setting up mirrors or walking 
around equipment to observe effect of each 
change on front-panel indicator lamp.—E. S. 
Kennedy, Monitor for Hidden Indicators, Elec- 
tronics World, Aug. 1968, p 76, 


mined threshold level set by 100K pot, circuit 
switches rapidly from 12 V_ output to 0 
output, for driving standard logic. Low cur- 
rent drain permits battery operation, Devel- 
oped to detect change from daylight to 
darkness and automatically select best oper- 
ating frequency for radio transmitter, Will 
function equally well for other applications 
with thermistor or humidity sensor in place 
of photocell.—C. Becklein, Photocell Threshold 
Circuit, EEE, April 1967, p 139. 


. 
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; BISTABLE AMPLIFIER—Operates with illumi- 
FOOKN a30n nation levels as low as 50 lux. Will drive 
electronic counter at speeds up to 6,000 
counts per second. When phototransistor is 
illuminated above 50 lux, circuit has no out- 
put. Without illumination, output is 8 mA 
at 8 V into 1K load. Suitable for elevator 


nN BCY70 door-safety control, level indicator, card 
reader, batch counter, or burglar alarm ap- 

-) plications Applications of Silicon Planar 
BPX 25 ecy70 Phototransistor BPX25, Philips, Pub. Dept., El- 
3 7A Output ——e KO coma Div,, Eindhoven, The Netherlands, No. 


kone 316, 1967. 


Qi 


BURGLAR ALARM—Hupp class-2 cadmium fails, to trip alarm connected to contacts. 


sulfide photocell T varies frequency of free- With small focusing lens on photocell, inter- 
running mvbr Q1-Q2 in accordance with var- ruption of beam from ordinary two-cell flash- 
iations of incident light. With full illumina- light over 200 ft away will trip alarm, even 
tion, duty cycle of oscillator pulse train is in presence of high ambient light. Transistor 
about 15%. When beam of light is inter- types are not critical —J. Porter, A Cadmium 


rupted, as by intruder, duty cycle increases Sulfide Photocell Indicator, “400 ideas for 
to about 65%. Amplifier Q3 drives emitter- Design Selected from Electronic Design,” Hay- 
follower Q4 to keep relay normally energized. den Boek Co., N.Y., 1964, p 103. 

Relay epens when beam is broken or power 


2N2647 


HIGH-SENSITIVITY LIGHT DETECTOR—Ener- then operating as relaxation oscillator.—L. M. Electric, Cleveland, Qhio, No. 3-0121, 1970, 
gizes load on positive half-cycles when light Hertz, “Solid State Lamps—Part Il,” General pli. 
is removed from phototransistor, with ujt 


NOTE: To locate additional circuits in the category of this chapter, use the index at the back 
of this book. Check also the author’s “Sourcebook of Electronic Circuits,” published by 
McGraw-Hill in 1968. 


CHAPTER 63 
Photography Circuits 


D-C DELAY RELAY—Turns off 7-A load at 
precise predetermined time after switch is 
closed, from 1 to 60 s, as determined by 
setting of RI. For shorter delays, use smaller 
values for RI and Cl. Applications include 
enlarger control in photography, process con- 
trol, alarms, etc.—F, W. Gutzwiller and E. K. 
Howell, Economy Power Semiconductor Ap- 
plications, General Electric, Syracuse, N.Y., 


+28 VOLTS START/STOP 


Z4XLI8 


No. 671.1, 1965, p 3. 


+12v-—_00 


O.m 


TIME-LAPSE CONTROL—RI adjusts repetition 
rate of output pulse over range of 2-60 s 
between pulses, and R4 adjusts pulse dura- 
tion from 0.5 to 25 s. Applications include 
shutter control in time-lapse photography, 
control of strip-chart recorders, starting and 
stopping of motors connected to relay con- 


2N2646 


TO MOTOR 


a 2N3528 


tacts, and handling of other small loads either 
directly or through relay. When C1 is 
charged to firing voltage of ujt QI, ser is 
turned on and relay is energized. Since scr 
has negligible voltage drop when conduct- 
ing, its anode is at virtual ground, This 


Q3 
2N2646 
20 ut 
; 
Ra to, 
220 «“T* 20ut 


places junction of R2 and C2 also at virtual 
ground, and C2 charges until it fires Q3 and 
thereby turns on Q2 to open scr and relay, 
Cycle then repeats.—T, T, Kalal, Pulse Width 
Varied by a “Switched Ground,” Electronics, 
April 28, 1969, p77. 
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ENLARGER EXPOSURE METER—~After 
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SPECTROPHOTOMETER OUTPUT CONVERTER 
~—First three modules convert measured trans- 
mission value at particular wavelength to 
density value by obtaining difference of two 
logarithms. Next two modules (complement 
of 2357) are required only when obtaining 
exposure from density. Dynamic range is 
90 dB for d-c to 1 kHz, or 40 dB for d-c to 
100 kHz. Ri is 1,000 ohms for 10-V full- 
scale input. Light-sensitive current devices 
may be used in place of El and £2.—Con~ 
version of Transmission to Density and Den- 
sity to Exposure, Optical Electronics, Tucson, 
Ariz., No, 10133. 


correct 


FIVE-RANGE PHOTOMETER—Ranges from 0.017 
to 100 foot-candles are in decade steps. 
Load resistors for photocell are chosen so 
each range gives full-scale meter reading.— 
J. G. Rabinowitz, Photocells—Types, Charac- 
teristics, and Applications, Electronics World, 
Sept. 1968, p 23-26. 


+9OR+I2 VOLTS 
Oi 


RANGE 
SWITCH 


exposure time is determined experimentally 
with test negative, photocell of meter is 
placed on easel at center of interest, and R& 
is adjusted for zero meter deflection with 
test negative. Negative to be printed is 
then inserted in enlarger, photocell is moved 
to center of interest for that negative, and 
iris of enlarger is adjusted for zero deflec- 
tion, Photocell is removed, printing paper 
inserted, and exposure made for same time 
as test negative. Low range of meter covers 
0.2—6 foot-candles, and high range 6—400 
foot-candles.—“Hobby Circuits Manual,” RCA, 
Harrison, N.J., HM-90, p 78. 


PHOTOCELL. 


CRiCR2CR3CR, =silicon rectifier, 
type 1N270 
meter, 0 to I milliampere, 12 


volt, or 0 to 500 microamperes, 
9 volt 


Photocell = RCA KD2106 
Q:Q:2 = transistor, RCA SK3020 
RiReR; = 4700 ohms, 1/2 watt, 10% 


M = 


Ra= 


2200 ohms (12 volts), 3300 ohms 
(9 volts), 1/2 watt, 10% 

= 47,000 ohms, 1/2 watt, 10% 
100,000 ohms, 1/2 watt, 10% 
10,000 ohms, 1/2 watt, 10% 
potentiometer, 50,000 ohms, 
linear taper 

range switch, single-pole, dot- 
ble-throw 
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TIMER FOR ENLARGER—Print-exposure timer 
gives adjustable delays from fraction of sec- 
ond to I min for automatic turn-off of printer 
or enlarger after exposure is started. Timing 
accuracy is 2%, Will handle relay or other 
loads up to 5 A, 11 is 12.6-V filament trans- 
former such as Triad F25X. MRI is 24-V a-c 
relay such as Potter & Brumfield MR5A.— 
“Hobby Manual,” General Electric, Owens« 
boro, Ky,, 1965, p 164. 
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DARKROOM EASEL PHOTOMETER—Sensitive 
circuit can be used for measurements or com- 
parisons over wide range of light levels. R1 
may be calibrated in exposure time, R2 in 
paper contrast or filter number, and R3 in 
relative paper speed.—J. G, Rabinowitz, Pho- 
tocells—Types, Characteristics, and Applica- 
tions, Electronics World, Sept. 1968, p 23-26. 


NIGHT EXPOSURE METER—Incident-reading 
meter with ranges of 0,01-0.1, 0.1—1, 1-10, 
and 10-100 footcandles is sensitive enough 
for lowelight-level night photography. 
Higher ranges can serve also for reflected~ 
light measurements and as enlarger exposure 
meter. Uses cadmium sulfide photocell with 
four-transistor differential amplifier, Article 
gives theory of operation, along with con~ 
struction and calibration procedures.—J. L. 
Barnum, Design of a Light Meter & Exposure 
Calculator, Electronics World, May 1969, p 
52-54 and 78—79, 
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LAB PHOTOMETER—Gives high sensitivity, 
wide range, and high accuracy for measure- 
ment of film transmission density, reflection 
coefficient, and very low values of light in- 
tensity. Logarithmic relation of anode volt- 
age to light flux, necessary for linear density 
scale, is obtained by stabilizing anode cur- 
rent of XP1T10 photomultiplier with EL81. 
High-voltage supply is stabilized at about 
2,000 V with series connection of 25 ZZ1000 


gas tubes. When indicating voltmeter M is 
calibrated in densities (density = log 1/trans- 
mission), the four ranges are for densities of 
0-1, 1-2, 2~3, and 3—4. Report covers 
design and calibration—A 4-Decade Linear 
Density Scale Photometer Equipped with the 
XP1110 Photomultiplier Tube, Philips, Pub. 
Dept., Eicoma Div., Eindhoven, The Nether- 
lands, No. 318, 1967. 
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ONE-SHOT TRIGGER FOR SINGLE-SWEEP 
PHOTO—Camera lens is opened, sweep is 
triggered by applying external trigger or 
pushing button, and lens is closed. Elimi- 
nates smearing that occurs when recurrent 
trace is not completely synchronized with 
sweep speed. Input signal of about 0.6 V 
will fire trigger and give 6-V output for 
external-trigger input of scope. Q2 is oper- 
ated at low voltage and current, so can be 
any inexpensive scr, QI can be almost any 
pnp transistor.—A, M. Schotz, One Shot Trig- 
gers Scope For Single Sweep, Electronic De- 
sign, Jan. 6, 1964, p 82 and 84, 


+100 


ONE 


FILM TIME-CODE MARKER—Light from transis- 
tor-driven neon lamp marks time information 
in binary code on 35-mm_ instrumentation 
film.—-E, Bauman, “Applications of Neon 
Lamps and Gas Discharge Tubes,” Signalite, 
Neptune, N.J., p 153. 
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0.5—180 $ FET TIMER—Useful in photography 
either in TIME ON or TIME OFF mode as de- 
termined by position of $2. Article gives con- 
struction details.—“Solid State Projects Man- 
ual,” Motorola, Phoenix, Ariz. 1968, p 63—- 


68. 


STAND-BY 
SWITCH 


1N1764 


PRINTER CONTROL—~When standby switch is 
closed, rectified 320 V d-c across Cl supplies 
6.2 mA to 10-W incandescent lamp for pho-~ 
tographic printer, to keep filament tempera- 
ture close to visible illumination point. 


1N4749 


Pressing switch of ujt-ser timer shorts R1 to 
send 43 mA through lamp to give maximum 
illumination for printing and initiate timing. 
C2 then charges through R3 and R5 until Q1 
fires and gates scr on, to shunt lamp and 


NEA? 


terminate exposure, Releasing timer switch 
then restores standby condition, RS5 controls 
time.—D. Lior, Photographic Printer Controlled 
by UJT-SCR Timer, Electronics, March 18, 1968, 
p 96-97. 
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2.5K COIL 


v PHOTOGRAPHIC TIMER—Timing cycle begins 


PHOTOELECTRIC APERTURE CONTROL—Servo honeST ds. opened? ‘veniaving shait. ‘actos 

motor moves shutter to adjust aperture until i . When Cl on : oe pena baie cute 

resistance of photocell equals that of load : en iy 1G ‘ 
yent flows through Q1 and relay is energized, 


circuit potentiometer. Uses two complemen- 
tary Schmitt triggers to actuate motor con~ 
trol relays.—J. G. Rabinowitz, Photocells— 
Types, Characteristics, and Applications, Ffec- 
tronics World, Sept. 1968, p 23-26. 


opening relay contacts and cutting off power 
to lamp or other load. Increasing value of 
RI lengthens timing cycle—J. P. Shields, 
“Novel Electronic Circuits,” H. W. Sams & 
Co., Indianapolis, Ind., 1968, p 91. 


ADJUST 
NC 
MRI GE 
CONTACT (24.VAC) AISF 
O 
cRi 120 VOLT 
i20VRMS GE ENLARGER 
GOHERTZ —ai3c LAMP: 
9 TIME RESET 12.6V + 
9 2 Re ° TRIAD 
F25X 
{(OPDT) 12.6V 
CR4 
INI692 
; Pe aie sca 
100pt CRB 2 clo6y 
200V + INI692 O5uf 


ENLARGER PHOTOTIMER—When S1 is at RE» comes on and Ct discharges ot rate deter- 
pa . fai to peak negative value of mined by setting of R2 until its voltage has 60 s for exposures.—D. R. Grafham, Using 
- Lae a (165 V) and enlarger lamp is become sufficiently positive (about 2 V) to Low Current SCR’s, General Electric, Syracuse 
off, en $1 is set at TIME, enlarger lamp trigger scr and energize relay to turn off N.Y., No. 200.19 1967 p 29 is ; 


enlarger lamp. R2 gives range of 0.01 to 


’ 


NOTE: To Socate additional circuits in the category of this chapter, 
of this book. Check also the author's : 
McGraw-Hill in 1968, , 


¢ use the index at the back 
‘Sourcebook of Electronic Circuits,” published by 


CHAPTER 64 


Power Supply Protection Circuits 
he ee gee ee 


D.C CIRCUIT BREAKER—Protects load against 
transient voltage or current overload. Acts 
in 4 to 10 us, as compared to 8 ms for me- 
chanical circuit breakers. Requires momen- 
tary closing of S1 for resetting. R8 sets over- 
current trip point and R7 sets overvoltage 
Point; both are precision 10-turn pots.— 
“Semiconductor Power Circuits Handbook,” 
Motorola, Phoenix, Ariz., 1968, p 4—18. 


SURGE LIMITER—Circuit shown was designed 
for use in series-type regulator for airborne 
military power supplies requiring protection 
from long-term voltage transients on both 
a-c and d-c supply lines. Circuit shown is 


O 
OC INPUT 
24-30 V 
Rt 

300. 


1N4747 


BC INPUT 


IN4003 
(ALL DIODES} 


for.system normally drawing 1 A and having 
turn-on surge of 3 A. For normal output, 
series transistor is saturated. When output 
exceeds preset level, error voltage is devel- 
, oped and amplified to bring series transistor 


3w51D 
R4 
470 TO 1,0002 


1N4001 


2N3718 Q3 


OUTPUT 


2 
Ni7i1 


out of saturation and thereby maintain out- 
put at desired level—M. Kanner, Nonstop 
Limiter Absorbs Transients, Electronics, May 
26, 1969, p 106-107. 
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2N3442 
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TRANSISTOR CURRENT LIMITERS—Protects cur- 
rent-limiting series transistor Q2 from exces- 
sive power dissipation by breaking circuit for 
overloads, short-circuits, or excessive supply 
voltage. Load current is adjustable and 
stable over range of 1 to 10 A, and output 
voltage is only 3 V below 35-V supply volt- 
age. CI slows down rate of current inter- 
ruption, to prevent breaking of circuit by 
transients; for faster current interruption, CT 
may be omitied.-R. K. Manherz, Solid-State 
Current-Limiter Functions as Circuit Breaker, 
Electronic Design, March 15, 1965, p 59-60. 
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OVERLOAD-SAMPLING CURRENT  TRANS- 
FORMER—Tl samples current supplied to series 
voltage regulator. Rectified sample of cur- 
rent triggers scr when predetermined value 
of overload current is reached. This removes 
base current from Q1 and Q2, turning off 
both transistors. Circuit can be reset man+ 
vally with SW1 or by interrupting input volt- 
age, Tl has 8-turn primary and 120«turn 
secondary on El-187 core.—§. J. Arnold, Cur- 
rent Transformer Gives Fast Overload Protec- 


tion, 


EEE, Sept. 1966, p 146. 
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OVERCURRENT—Ujt circuit is activated only 
when current capability of associated regu- 
lated power supply is exceeded. Current~ 
sensing resistor R1 is initially adjusted to 


keep ujt Q3 off until current rating of sup- 
ply is exceeded, Overcurrent then turns on 
Q3, scr D2, Q2, and QI in turn, and current 
drawn by Q1 blows fuse ta protect transis- 


tors of voltage regulator.—J. Durnin and M. 
DeCicco, Unijunction Circuit Prevents Dam- 
age to Transistors, Electronics, June 9, 1969, 
p 100—101. ‘ 
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CURRENT OVERLOAD—Tunnel diode and tran- 
sistor provide better protection than fuse 
against current overload of power supply. 
Fast switching speed of diode provides shut- 
down before overload current can damage 
series-regulating transistor Q2, Values 
shown give cutoff at 1 A; article gives design 
equations for other cutoff values.—R. B. Jones, 
Tunnel Diode Provides Fast Current-Overload 
Detection, Electronic Design, Nov. 22, 1965, 
p 62. 
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PN7IBA 
. BUILT-IN = PROTECTION—Addition 
two transistors and 430-ohm resistor to con+ 
ventional series regulator having IC opamp 
provides overvoltage protection for IC if 


of upper 


series regulator fails or becomes shorted. 
Similar protection circuit is used in lower 
regulator providing regulated ~—-14.75 V 
from --28 V.~A. P. Bjork, Overvoltage-Pro- 
tection Circuit for EC Power Supplies, FEE, 
Dec. 1968, p 101—102. 
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* breaker to open supply line. 


HIGH-SPEED CROWBAR—Useful for protect- 
ing d-c circuits against input line voltage tran- 
sients and load shorts. If d-c supply voltage 
exceeds value determined by setting of RI, 
UJTI fires and triggers SCR. Full supply 
voltage is then applied to trip coil of circuit 
Circuit also 
loads d-c bus instantly to prevent load volt- 
age from rising until breaker has time to 
operate.—“SCR Manual,” 4th Edition, Gen- 


eral Electric, 1967, p 158-159. 


JOA 


KD2100 
KD2!00 


Re 


; 
soy ie 
{SEE TEXT Kozi03 
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600-KW OVERLOAD SWITCH—Uses regenera- 
tive switch (dashed rectangle) that conducts 
when overload condition as preset by RI oc- 
curs. This turns off ser’s YI and Y2, inter- 
rupting power to load. Line switch must be 
opened momentarily to reset after overload 
clears up.—"Silicon Controlled Rectifier Ex- 
perimenter’s Manual,” RCA, Harrison, N.J., 
1967, p 123. 
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SK 
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12.6 V.t06% @0-2 AMPS 


EIN 
{7 v.06. jh 
418% 200 
MED, 


———-—_—_—+- 
AMBIENT TEMPERATURE RANGE -55°C TO 55°C 


av 


€ OUT 
+| REGULATED 


OVERVOLTAGE PROTECTION—Combination of 
2N4985 silicon unilateral switch and scr blows 
line fuse for overvoltage. Circuit triggers 
between 13.2 and 14 V for rapidly rising 
voltages, and between 14 and 17 V for slowly 
increasing voltages. May also be used with 
2N4989 sus.—Silicon Unilateral Switch 2N- 
4984/2N4985, General Electric, Syracuse, N.Y., 


No. 65.27, 3/67. 


| OVER-VOLTAGE | 
petecton | 
LINE “At | 


120 V AC 
60 Hz 
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Q3 
2N5062 


MANUAL 


RELAY-PROTECTED VOLTAGE REGULATOR— 
Consists of proportional voltage regulator 
that delivers constant 12.6 V d-c output 
within 0.6% while 17-V d-c input is varying 
15%. When voltage across series regula- 
tor transistor Q2 rises above preset value de- 
termined by. setting of R5, voltage-sensitive 
relay K1 operates and shorts emitter of Q2 
to its base, thereby turning off collector cur~ 
rent of Q2. Excess voltage could be caused 
by large increase in input voltage, overload, 
or shorted output. Fuse or circuit breaker 
would not react in time to protect circuit 
from damage under these conditions. CR1 
is 1N1770 and CR2 is 1N3491.—Voltage 


Regulator, Delco Radio, Kokomo, Indiana, No, 
3-B, 1965. 


1ookNn 


2N4985 


GEC32U 


LINE “B’ 

“Rs =0.1 | 

Rioap bee tle Soh pe eee ok we Ble see ee ee Se 4 
A-C OVERVOLTAGE AND OVERCURRENT PRO- 
TECTION—Protects resistive load RL in power prevents load from being connected’ across of R11 determines overvoltage level at which 
driver from excessive voltage as well as fine in event of short-circuit. Overvoltage load is disconnected. Circuit resets auto~ 
excessive current. Scr @Q5 is slave-fired by detector senses negative half-cycles of line matically.—“Semiconductor Power Circuits 


Q4 which carries load current. Overcurrent 
detector prevents D8 from firing Q4 and thus 


voltage and similarly prevents Q4 from turn- 
ing on as long as overvoltage exists. Setting 


p 4-14, 


Handbook,” Motorola, Phoenix, Ariz., 1968, 
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looma FUSE BLOWER—Protects series-pass transistor 


SERIES "PASS* 
TRANSISTOR 


10 VOLT 
REGULATOR 


NORMAL from burnout even for direct short across 


regulator output, by acting faster than series 
transistor. R2 provides voltage drop pro- 
portional to short-circuit current, which turns 
QI on when drop is about 0.7 V. Ser then 
turns on quickly and blows fuse. R3 prevents 
turn-on surge current from blowing fuse.—P. 
Galluzzi, SCR Arrangement Improves Short- 
Circuit Protection, Electronic Design, Sept. 28, 
1964, p 55-56. 


OVERLOAD SWITCH—Serves as electronic cir- 
cuit breaker that interrupts power to load 
at predetermined overload point determined 
by setting of RJ, Can be used for heater 
and universal motor loads up to 240 W. 
Incandescent lamp load can be protected 
only if RI is turned to maximum-current set- 
ting before S1 is closed, to allow for high 
starting current through low cold resistance 
of lamp, then turned back to desired trip 
setting. Photoflood lamps cannot be used,— 
"Silicon Controlled Rectifier Experimenter’s 
Manual,” RCA, Harrison, N.J., 1967, p 120. 


CURRENT 
NO CURRENT! 


KO2102 


VOLTS DC 


8.4 
7 Re 


INCREASE 
ALLOWABLE 
CURRENT 


cw | 


on 
(setl 


off 
{resst} 


solenoid 
toad, 


Vg=t24 V 25 % 


os S 82 YB8-C30 


Indication 
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THYRISTOR SHORT-CIRCUIT ALARM—Combi- 
nation of Philips IC gates and opamps trips 
alarm when either of series thyristors con- 
ducts when trigger is off. Solenoid then 


pulls in and removes power from thyristors. 
Used to prevent unwanted and possibly dan- 
gerous operation of machine when thyristors 
control electromagnetic clutch.—D. Hofman, 


Fault Detection and Display Circuit For a Thy» 
ristor Operated Load, Philips, Pub. Dept., El- 
coma Div., Eindhoven, The Netherlands, No. 
73, 
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PROTECTING SATELLITE SUPPLY—Current-lim~ 
iting feedback loop between inverter and d-c 
supply of spacecraft prevents inverter or out- 
put shorts from draining battery pack. When 
high-surge current boosts drop across R2 and 
biases Q2 into conduction, Q1 is forced into 
cutoff, Current-limiting resistor RU and Q2 
are then in series with line in place of R2, 
to limit battery current drain.~-R. Burkett, 
Feedback Protects Spacectaft’s Power Supply, 
Electronics, Jan. 8, 1968, p 91. 


COMMAND RESET 


MANUAL RESET 


, aaa 


Oy 
2Nd134 


AUTOMATIC 
RESET 100k 


22-35y dec 


§N4571 


OUTPUT 


ez 


DARLINGTONS AS OVERLOAD FUSE—Ar- 
rangement shown for series regulator gives 
overload protection of power supply without 
adding scr and transistors. As load in- 
creases, conduction in Darlington pair 
increases, Voltage regulation continues until 
Q3 reaches its maximum current as deter- 
mined by zener and value chosen for R3. 
Output voltage drops as load increases, until 
Q3 turns off, Darlingtons then turn off, de- 
activating power supply, After overload is 
eliminated, resetting can be manual or auto- 
matic command.—F. J. Messina, Power Supply 
Regulator Uses Fewer Parts, Electronics, Jan. 
6, 1969, p 94. 
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+28y 28V DC 
FAULTS AND OVERLOADS—Provides on-off SUPPLY 
power control, eliminating need for self-de- 
structing fuses and for circuit breakers that 
are too slow to protect semiconductors. 
Time constant of R2-Cl prevents tripping by 
transient overloads such as start-up of in- 
candescent lamps. Allowable current gain 
Your for load is 0 to 5 A, and circuit will limit 
overload to 7 A for shorted output.—A. J. 
Marek, Solid-State Relay/Circuit Breaker, 
EEE, June 1969, p 141-142. 


C 
22 yur RD; 
IN4002 — 1N4746 
AUTOMATIC-RESET BREAKER—Solid-state R 
breaker trips within 100 us after load is { 280 De 
shorted, and reduces fault current to zero Nore IN4002 
within 500 ys, for protection of printed-circuit 250 
wiring and interconnections. Ideal for uni« + 
versal lab power supplies. Automatic reset 2 ot ce 
RESET 


reapplies power after interval depending on 
leakage in QI.—C. J. Ulrick, Power Supply R7z SbF 3 Re 
Breaker Acts in 100 Microseconds, Electron- 
ics, Feb. 3, 1969, p 79. 


Be 
o 


MJE520 


2N3903 
=, PROTECTING SE'RIES-PASS REGULATOR—Addi- 
tion of inexpensive components shown in 


nae 

44) shaded area protects series-pass regulator 
YY COO), against shorted output and restores normal 
Wo Y, 3 


operation automatically when short is re~ 
moved. Under normal operating conditions, 
protective circuit is biased off and does not 
affect regulator action. Speed of protective 
action is limited only by storage and fall time 
of series-pass transistor Q], which is about 
1 ms,—“Semiconductor Power Circuits Hand- 
book,” Motorola, Phoenix, Ariz, 1968, p 3- 
30. 
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16.510 19.5 V 
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1N47434 
(13 V) 


21 T0 28 VOLTS INPUT OUTPUT 


47,25 TO 
48.75 VOLTS 


Dy 
1N4744 


SUPPLY CURRENT LIMITER—-Q2 and zener D1 mal 36-ohm load, protection circuit is biased 
= off and does not affect regulation.—-B. Phil- 


are added to regulated power supply to pre- = i : 
vent series transistor Q1 from damage by zener DI draws reverse current and drives Q2__ lips, Transistor and Zener Protect Series Regu- 
load short before fuse blows. With short, into saturation, cutting off Q|. With nor- lator, Electronics, July B, 1968, p 92. 
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MANUAL-RESET BREAKER—Solid-state breaker 
trips within 100 us after load is shorted, and 
reduces fault current to zero within 500 us, 
for protection of printed-circuit wiring and 
interconnections. Ideal for universal Jab 
power supplies. Pushbutton must be mo- 
mentarily pressed manually to reset breaker 
after short. Leakage current of QI must be 
Jow enough so it cannot turn itself on and 
reapply power to load after fault.—C. J. 
Ulrick, Power Supply Breaker Acts in 100 
Microseconds, Electronics, Feb, 3, 1969, p 79. 


$6 INSURANCE FOR IC—Inserted between i4- 
FROM +14 V supply and IC foad to protect against over 


SUPPLY tne voltages caused by supply failures or noise 


spikes, and against wrong polarities caused 
by human errors, Uses 1N4002 silicon diode 
to blow fuse before reverse voltage damages 
{C‘s, Capacitor protects against spikes and 
Prevents them from producing unnecessary 
crowbar action by ser and diode.—A, Geiers~ 
bach, Low-Cost Circuit Can Protect a Boardful 
of High-Cost {Cs, Electronic Design, May 10, 
1969, p 138. 
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+ BFY-55 
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REGULATED 
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—» 
PRESET 
POTENTIOMETER 
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SERIES REGULATOR PROTECTION~Addition of vides short-circuit protection. Article tells voltage regulators.—W. Granter, Shorttir 
Q2 network across series-pass transistor ter= how to compute resistor values for use with cuit Protection for Voltage Regulators, Elec 
minals of 4A7%23 IC voltage regulator pro- other voltages and currents in series-type tronics, April 27, 1970, p 91. 
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LOAD 


~O+12V 


7 


Oy 
IN5234 


5.5-A ELECTRONIC FUSE—Switching action oc- 
curs in 90 us, for protection of transistors in 
12-V 5-A regulated power supply. When 
fuse acts, Q2 is on and Q1 off, so power is 
bypassed around transistors in regulator. 
Circuit is reset, after removing overload, by 
momentarily opening reset switch to remove 
power.—"Circuits Manual,“ Motorola, Phoe- 


OVERVOLTAGE TRIP CIRCUIT—When supply 
voltage rises above value set by ratio R2- 
R3, programmable ujt Q3 fires and generates 
complementary pulses A and B that may be 
used to trigger alarm circuits or serve other 
functions. In addition, firing of Q3 turns 
on Q2, to cut off QI and load, Circuit stays 
off after circuit trips, until supply voltage is 
shut off so Q2 can commutate and reset cir- 
cuit.—V. R. Laul, Adjustable-Overvoltage Cir- 
cuit Breaker, EEF, Aprif 1970, p 101. 


REGULATOR a 


nix, Ariz., 1965, p 8-2-3, 


2N1644 


R2 Ce 
8.2k {Ont 
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Dy 
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120k 
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SERIES REGULATOR OVERLOAD—Single tran- 
sistor Q5 is cut off by drop across R5 when 
output current of regulated 12-V supply in- 
creases beyond permissible maximum value, 


~ 
ee 


270 
‘ ) 330 Qs 
+ 


Q4 
2N4126 2N4126 


470 NY Vo 


4001 470 12v £20mv 
(AT 24 MAX) 
4N829 € 


turning off regulator. Circuit has good tem- Walko, Single Transistor Protects Power Sup- 
perature stability. Protection is achieved at ply from Overload, Electronics, June 12, 1967, 
much lower cost than with conventional flip» =p 102—103. 

flop or scr and separate d-c supply.—s. 
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PROTECTIVE PREREGULATOR FOR SERIES 
TRANSISTOR—Circuit shown in dashed area 
decreases heat dissipation of series-pass tran- 
sistor, making large heat sink unnecessary. 
Scr is normally conducting, When power 
supply voltage exceeds zener breakdown, scr 
cuts off. Average power dissipation of pass 
transistor is product of current drawn and 
zener voltage.—P, Pohl, Zener in Preregulator 
Limits Series Transistor Dissipation, Electron- 
ics, Oct. 27, 1969, p 98, 
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NOTE: To locate additional circuits in the category of this chapter, use the index at the back 
of this book. Check also the cuthor’s “Sourcebook of Electronic Circuits,” published by 


McGraw-Hill in 1968, 
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AUDIO AMPLIFIER PROTECTION—Developed 
primarily to protect high-cost complementary 
output transistors from short-circuit, under- 
voltage, and overcurrent conditions. Acts by 


SERIES PASS 


2N3714 
Q3 


2N3965 


SELECTED FOR AN EOF 39.0Vde 


dropping supply voltage to zero.. Dashed 
lines show operation for negative supply. 
Requires manual reset after fault has been 
removed, by interrupting power for about 10 
s—M, W. Kyle, Jr, Simple Circuit Protects 
Loudspeaker and Audio Amplifier, Electronic 
Design, Dec. 6, 1967, p 124, 126, and 128. 


1. Q3 AND Q4 ARE MOUNTED ON A COPPER PLATE (41N. XK 2 IN. K [/8 IN.) 
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cut-out relay 
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ov 
EMERGENCY DIESEL CONTROL—Failure of a-c 
power line initiates series of operations re- 
quired for starting engine of standby power 
supply. Philips 1C gates and other blocks 
first energize engine glow plug for time 
delay determined by block U15, and ener- 
gize start motor after shorter delay deter- 
mined by U12. If engine starts, it delivers 
j-level signal to prevent further operation of 
starting circuit including units U8 to UI3. If 
engine fails to start after three attempts, 
acoustic alarm circuit is activated. Operates 
from 24-V battery. Timer capacitor for U25 
is 320 uF and all other timer capacitors are 
32 gF. Leads at right go to warning and 


alarm circuit.—W. Klein, Control Circuit for 
Emergency Diesel Generator, Philips, Pub. 


@ 
pregiow reloy 
Ce 
“} ipa jo le +Vs 
£4 (21460) ea 
= uto aN 
Be SAY) 


® 


start motor relay 


eg RC 
“| tra |= | +5 
(21460) Ex 
Seo Lp 
Nay 


Dept., Eleoma Div,, Eindhoven, The Nether- 
lands, No. 74. 
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sae (ai (SCORE 
22nF 22nF 
THI TH3 
470 470 
BTY91/600R C3 BTY91/600R 
3uF] 
250uH| ¢ Lt BTX30~400 250 pH 
(4x) 
190V four 
dc. 
250 uH a 250pH 
BTY91/600R, BTY91/600R 
| Ge 


1.5-KW THYRISTOR BRIDGE INVERTER—Con- has 190-turn primary and 220-turn secondary. 
verts 190-V d-c to 220-V 400-Hz power. In- —N. Bergstra and R. v. d. Linden, Overload 
cludes trigger connected to thyristor gates and Current Protection for a Bridge Inverter, 
overload sensor connected to points X and Y, Philips, Pub. Dept., Elcoma Div., Eindhoven, 
for protecting thyristors from overload, TI The Netherlands, No. 95, 1970. 
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EMERGENCY DIESEL START-UP ALARMS—Com- 
bination of Philips 1C gates and amplifiers 
energizes indicator lamps for temperature 
and oil pressure after emergency diesel gen- 
erator starts, and both lamp and acoustic ov 
alarm if engine fails to start after a-c power- 


> engine does 
t start 
st pa [OL CQ, 


2IA 
ri 1A60) |, UAB 
7 


line failure.—-W. Klein, Control Circuit for 
Emergency Diesel Generator, Philips, Pub. 10 1 aasudhe 
Dept., Elcoma Div., Eindhoven, The Nether- 1 on Z 1 oe “ eA oO: alarm 
lands, No. 74. 13] NOR6O | E NOR6O as i (21460) | 
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OUTPUT TRANSISTOR PROTECTION—Maximum 
current through either output transistor of 
complementary pair Q1-Q2 is limited to 50 
mA, Diode X1 provides forward bias that 
is self-compensating for temperature and 
minimizes crossover distortion—R. $. Young, 
Complementary Output Stage Provides Short 
Circuit Protection, Electronic Design, June 22, 
1964, p 71-73. 


THYRISTORS IN PHASE ANGLE CONTROI—Pro- 
vides protection against thyristor-damaging 
direct current that can flow in phase angle 
control circuit if conduction occurs during only 


half of cycle. Circuit using Philips IC gates divide-by-two circuit in such a way that 
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GALVANOMETER GUARD—Overload safety cir- 
cuit prevents damage to high-frequency gal- 
vanometer driven by very low impedance 
amplifier. Protection is achieved by using 
relay to switch 100-ohm resistor into ground 
line to bypass galvanometer current on either 
positive or negative overvoltage. 10K pot 
in base cirevit of Q1 adjusts sensitivity.—T. B, 
Whiteley, Transistor, Relay Switch Safeguard 
Sensitive Galvanometer, “400 Ideas for Design 
Selected from Electronic Design,” Hayden 
Book Co., N.Y., 1964, p 145, 


| 


obtains information from two sources as basis 
for protective action. Synchronous pulses 
from line transformer Tl are rectified, then 
limited to 18 V by zener DY. Thyristor infor- 
mation is obtained from T2 and fed through 


failure of one thyristor to conduct stops trig- 
ger pulses for next half-cycle—J. v. Schoorl, 
Protection of Thyristor Circuits Against DC 
Curretns, Philips, Pub. Dept., Elcoma Div., 
Eindhoven, The Netherlands, No. 70. 


PROTECTION CIRCUITS 


Ria 371); OHMS NON- INDUCTIVE 


R2~- 220 OHMS, |/2 WATT 
R3- 100 OHMS, 1/2 WATT 
R4- 2200 OHMS, |O WATTS 
R5- 2200 OHMS, 5 WATTS 


STARTING-CURRENT SURGE LIMITER—Protects 
components from damage by initial current 
surge through loads having low initial im- 
pedance, such as capacitors and incandescent 
lamps. Circuit converts voltage source seen 
by load into current source for duration of 
start-up. R-L time constant should be chosen 
to match duration of transient.—B. Berman, 
Q-R-L Network Limits Surge to Low-Starting 
Loaded SCR, Electronic Design, April 12, 1965, 
p 52-53, 
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THYRISTOR BRIDGE OVERLOAD—Circuit is ef- 
fective on first half-cycle in which overload 
current occurs, for protecting thyristors in 
bridge inverter from overload current. Does 
not provide short-circuit protection. Used 
with trigger circuit connected to points A, B, 
C, and D, for controlling 1.5-kW 190-V d-c to 
220-V 400-Hz inverter connected to points X 
and Y.—N. Bergstra and R. v. d. Linden, Over- 
load Current Protection for a Bridge Inverter, 
Philips, Pub. Dept., Eleoma Div., Eindhoven, 
The Netherlands, No. 95, 1970. 
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16-A D-C SCR FLIP-FLOP CIRCUIT BREAKER— 
Cirevit is basically parallel capacitor-commu- 
tated flip-flop. Pressing start button mo- 
mentarily makes SCR! conduct and deliver 
power to load. Pressing stop button mo- 
mentarily will interrupt load. If load cur- 
rent exceeds forward voltage drop across 
diode string CRI and gate firing requirement 
of SCR2, load is interrupted automatically in 
less than half a cycle. Value of RI and 
number of diodes determine level at which 
circuit will trip out. For values shown, maxi-+ 
mum trip current should not exceed 100 A. 
Even with fault current rise of 10 million am- 
peres per second, breaker will interrupt fault 
in 20 us and keep peak fault current below 
50 A.—“SCR Manual,” 4th Edition, General 
Electric, 1967, p 156—158. 
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ZENER SPIKE CLIPPER~Two zeners in anti- 
phase serve as full-wave stabilized amplitude 
limiter than can be used to protect other cir- 
cuit elements against voltage surges or spikes. 
Clipping occurs at zener voltage level regard- 
less of input voltage, but higher input makes 
output waveform more square so load takes 
more power.—Zener Diodes and Their Appli- 
cations, Philips, Pub, Dept., Elcoma Div., Eind- 
hoven, The Netherlands, No. 17, 1966. 
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ZENER MICROAMMETER—18-V 
zener prevents overloading of 100-uA meter 
movement without affecting meter linearity. 
Chief advantage over thermal protection is 
instantaneous action of zener, provided re+ 
peatedly and indefinitely with no reset time. 
—"Zener Diode Handbook,” Motorola, Phoe- 
nix, Ariz., 1967, p 7-13, 
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OPAMP PROTECTION—Inexpensive fet at out- 
put of opamp provides protection against 
voltage source up to 40 V applied even mo- 
mentarily to output by limiting moximum 
output current to 10 mA, Effect on perform- 
ance of opamp is almost negligible. Diodes 
similarly protect against excessive input volt- 
ages.—J. D. Spaihts, FET Protection for Op- 
amps, EEE, Feb. 1970, p 115. 
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1C OVERVOLTAGE PROTECTION—Reed relay 
and zener diode protect low-voltage IC mod- 
ule from regulated power supply defect by 
clamping supply voltage at safe 5.1 V if, 
for example, failure of series-pass transistor 
in supply shoots voltage up to 9 V. Reed 
relay is then energized to open IC supply 
circuit before zener gets too hot.—J. J. Mc- 
Manus, Integrated Circuit Protected by Reed 
Relay-Diode Combination, Electronic Design, 
Nov. 29, 1965, p 78. 


SCR LOAD PROTECTION—Prevents shorted scr 
from dumping excessive current into load. 
Bucking diode across load draws high cur. 
rent during normally missing half-cycle when 
scr fails, forcing fuse to blow. Load-shunting 


| amma | 


t 
1 
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( 
1 
2 iy 
diode may be damaged before fuse blows DIODE LOAD ’ SHUNT 
unless application permits inserting sufficiently PROTECTION | PROTECTION 
pede : ‘ : RESISTOR i DIODE 
high limiting resistonce in series with load. t 
—J, T. Lamb, Shunt Diode Protects Load in t { 
SCR Circuit, Electronic Design, Oct. 25, 1969, se ete SW } 
p 109. et | 
O 
10 MANUAL RESET SWITCH 
Vv als 
METER 50-60 aoe 
cps 
CRI 
3n2102 | 
CR2 =$V 
D-C METER PROTECTION~Low-cost low-volt- 
age low-current silicon rectifiers such as 
1N1692, connected across meter with oppo~ 
site polarity as shown, will protect 50-uA 
meter of typical multimeter against heavy 
fault currents without introducing more than 
1% error, With 1-A overload current, meter 
current is less than 1 mA because rectifiers Ql, Q2, O3 = HRN&318D 
begin conducting heavily when voltage across POWER FAILURE INDICATOR—Flasher is system serving unattended refrigerators of 


them exceeds about 0.5 V. For higher fault 
current, use higher-current rectifiers such as 
GE-X4.—“Hobby Manual,’ General Electric, 
Owensboro, Ky., 1965, p 156, 


turned on by a-c line power failure, and keeps 
flashing until manual reset switch is operated, 
as indication that a-c line power has been in- 
terrupted. One application is for a-c power 


freezers, where power failure could cause 
food spoilage.—C. R. Perkins, “Application of 
MOSFET Devices to’ Electronic Circuits,” 
Hughes, Newport Beach, Cal, 1968, p 46. 
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THYRISTOR BRIDGE OVERLOAD TRIGGER— 
Provides required trigger signal for driving 
gates of four thyristors in 1.5-kW 190-V d-c 
to 220-V 400-Hz inverter, for turning off one 
of thyristors of conducting pair if load cur-~ 
rent exceeds preselected value. Points A, B, 
C, and D go to overload-sensing circuit. All 
transformers have 150-turn primary and 75- 
turn secondary on H20 core.—N. Bergstra and 
R. v. d. Linden, Overload Current Protection 
for a Bridge Inverter, Philips, Pub. Dept., El- 
coma Div., Eindhoven, The Netherlands, No. 
95, 1970. 
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OVERLOAD PROTECTION—Triode cathode fol- 
lower in cascade with. emitter follower pro- 
vides very low output impedance (below 10 
ohms) and protects against large d-c over» 
loads. Article describes operation.—L. A. 
Egherman, Emitter-Follower Circuit Protects 
Against Overloads, Electronic Design, March 
15, 1965, p 61—62. 


+6V 
: BAX13 


BFYSO 


BAX13 


o¢ 
° 
< 


OV BAXI3 
(oN Be 
2 by 
gate 
THA 


607 


608 ELECTRONIC CIRCUITS MANUAL 


28Vv 
MULTIPLE-LAMP FAILURE—NE2 neons, shunting ‘ 


28-V incandescent lamps connected as loads 
for Darlington Q1-Q2, glow only for lamp 
failure. Circuit values are not critical and 
depend mainly on current ratings of lamps. 
Ql can be 2N718A, Q2 2N1613, diodes 1N- 0 
4245, Rl 47K, and other resistors 100K.—D. ! cry 
A. Vaughan, Combination Lamp Driver and fi Ry 

Failure Indicator, FEE, May 1969, p 117-118. 


if 


NICKEL-CADMIUM BATTERY—Prevents com- Te SHRP a Trt 
plete discharge by sensing when battery 
voltage falls below zener point of D1 and 
then turning off Q2 to open circuit. Pre- 
vents buildup of gas pressure and rupturing 
of cell, and increases battery life. Switch 
must be opened after each protective action, 
so Cl can discharge and permit turn-on.—D. 
L. Haskard, Voltage Sensor Limits Discharge 
in Batteries, Electronics, April 1, 1968, p 62. PROTECTOR DIODES FOR SIMPSON 260—Two 
Ohmite silicon diodes can be added to pro- 
tect meter from current-range overloads. 
Bussmann AGX fast-blow 0,125-A instrument 
fuse can be added for extra protection, al- 
though 3,000-ohm resistor already in circuit 
will act as current limiter.—A. A. Mangieri, 
Diode Meter Protectors, Electronics World, 
Nov. 1966, p 56-57 and 76. 


+0 +10A0 


1OBD4A 


24A-C 


MIDNIGHT LINE SURGE CLIPPER—Protects re- occur in late evening hours. Bridge rectifier in filter at 117 V a-c.—L. E. Greenlee, Bridge 
frigerators, freezers, and control equipment end its load R1-C4, connected to a-c line fil- Rectifier Clips Dangerous Voltages, Electron- 
from damage by high line voltage surges that ter, clips peaks of transients to keep voltage ics, March 4, 1968, p 89-90. 
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LAMP FAILURE—Provides reliable indication of 
failure of incandescent indicotor lamp for 
critical information on instrument panel. 
Lamp being monitored is load far two-stage 


LAMP 


Q 


R 4 ; 
ea Ry 2NTIBA faded Re, Darlington amplifier. Neon lamp connected 
o across indicator glows only when incandescent 
Cr lamp burns out.—D, A. Vaughan, Combination 
2Ni6t3 Lamp Driver and Failure Indicator, FEE, May 
1969, p 1I7—1198, 
bien 62K 
64} WV * 2ma SENSITIVE PROBE 
150K 
El Ima SENSITIVE PROBE 
e 
eztv 33K 
praia 
= 5ma SENSITIVE PROBE 
= 
8.2K 
LONG CLIP 
LEAD TO WATER 
PROTECTING CURRENT RANGES OF VOM~ LEAKAGE CURRENT—Shock hazard from elec. FAUCET OR 
‘ , A SIMILAR GROUND 
Two Ohmite OMC7111 silicon diodes in par- trical appliances due to insulation leakage 
allel back-to-back provide protection against is determined by neon lamp _ indication, 
overloads of either polarity, Since diodes are Anything above 5 mA is considered danger~ 
connected directly between test leads, fuses ous and makes neon glow.—E. Bauman, “Ap- 
must be added to protect against accidental plications of Neon Lamps and Gas Discharge 
overvoltage. Use Ye-A fuses, which will Tubes,” Signalite, Neptune, N.J., p 146. 


break circuit in 1 s at 220 mA.—A, A, Man- 
gieri, Diode Meter Protectors, Electronics 
World, Nov. 1966, p 56-57 and 76. 
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POWER FAILURE PROTECTION—Protects equip- trol overvoltage and undervoltage trip points; 


ment from loss of one phase or from high or = controls are interlocking.-D. K, Smith, Moni 
low line voltage. Compares sum of three- voltage and removes power from equipment tor Guards Three Ways Against Power Fail- 
phase line voltages with regulated supply when necessary. Settings of RI and R2 con- ures, Electronics, Oct. 27, 1969, p 97~98. 
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DEAD-BATTERY CUTOFF—Simple transistor ar- 
rangement with xener opens line between 
load and 24-V battery when battery dis- 
charges down to 18 V and affects accuracy 
of calibrating equipment, Particularly desir- 
able for nickel-cadmium batteries because 
they can be destroyed if discharged below 
30% of full capacity. For external indica- 
for that comes on when line opens, place 
24-V lamp between emitter and collector of 
Qi—E. R. Deloach, Transistor and Zener 
Monitor Calibration, Efectronics, June 24, 1968, 


p 102. 


OVERVOLTAGE PROTECTION—At low voltage 
levels, transistor Q1 is saturated because 
photocell resistance of Raysistor acts as bias 
resistor, At overvoltage level determined by 
firing voltage of xener and neon in Raysistor, 


PROTECTING POWER TRANSISTORS—Inductive 
feedback circuit shown in heavy line acts on 
driver stage of audio amplifier when output 


lamp fires and makes photocell resistance 
drop to low level, cutting off transistor and 
removing load voltage.—Raysistor Optoelec- 
tronic Devices, Raytheon, Quincy, Mass,, 1967, 
p 27. 


shorts or opens, to interrupt drive current and 
thereby protect output power transistors from 
breakdown or thermal runaway.—G, S$. teh- 
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UJT-ZENER PROTECTION—Provides meter pro- 
tection with only two components, without 
causing errors by loading external circuit, 
Developed for application where voltages 
measured were 2 to 3 V but with accidental 
overloads up to 14 V occasionally, Even 
with 16 V, voltage across meter is only 6.7 V. 
~R. L. Charnley, FET Provides Automatic 
Meter Protection, FEE, March 1969, p 128. 


OUTPUT 


sten, Feedback Protects Amplifier During Load 
Failures, Electronics, Dec, 25, 1967, p 68~69. 
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IONIZATION GAGE-—For aerospace sounding 
rocket, neon lamp with high breakdown volt. 
age prevents d-c amplifier of cold-cathode 
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ionization gage from being overloaded by INPUT 15 MEG 
abrupt rise in input current before external CURRENT 
circuitry can switch in appropriate series re- ILA. TO SMA. 
sistor. Use of neon instead of zener diode 
maintains accuracy of gage readings.—E. ae 
Bauman, “Applications of Neon Lamps and RLT2~27-1A 
Gas Discharge Tubes,” Signalite, Neptune, 
NA, p 91. = 
+6¥ 
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ELIMINATOR~Program- 


PROGRAMABLE UNIJUNCTION- 
TRANSISTOR CURVE 


charges until it reaches peak firing voltage of 


or to contact bounce produced’ by switch,—C. 
Brogado, Unijunction Device Eliminates Con- 


mable ujt generates clean pulses, free of 
switch contact bounce, over wide range of 
supply voltages. When switch is closed, Cl 


ujt, then discharges through ujt to produce 
positive output voltage across R4. Circuit is 
immune to accidental triggering by transients 


tact Bounce, Electronics, April 13, 1970, p 
106. 


NOTE: To locate additional circuits in the category of this chapter, use the index at the back 
of this book. Check also the author’s “Sourcebook of Electronic Circvits,” published by 


McGraw-Hill in 1968. 


CHAPTER 66 
Pulse Generator Circuits 


SQUIB FIRING—Energy for firing squib X1 is 
2N3031 supplied through scr by 28-V d-c supply. To 
prevent ser from firing when anode voltage is 
applied rapidly, input network L1-R1-C1 limits 
rate of voltage rise. Time delay network 
R2-C2 and diode fire scr 1 s after circuit is 
armed by connecting to power supply.—High 
Reliability Squib Firing Circuits, Solid State 
Products, Salem, Mass., No. 3. 


10 AND 100 PPS PLUS ONE-SHOT—Originally 
used as pulse source for stepping motors. 
Pulse width and repetition rate can be ad- 
justed to any reasonable ratio, essentially 
independently; width is 850 xs for valves 
shown,.—G., E. Singleton, Pulse Generator Gives 
Low Frequency Otuput, Electronic Design, Jan. 
20, 1964, p 79 and 81. 
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FaM FOR PROCESS SYNC—Frequency-modu-~ 
lated pulse generator was designed for syn- 
chronizing two processes or test instruments. 
Can be built for less than $3. Modulating 
input signal can be sinusoidal, square, or any 
other shape. Amplitude of input determines at which output changes. Increasing value emitter of ujt Q2.—G. M. Nickus, Frequency- 
period of output, which is up to 0.0001 s for of Cl increases period; above 10 yF, insert Modulated Output from Low-Cost Unijunction, 
value shown, and frequency of input sets rate 1 ohm per uF between A and B to protect Electronics, Nov. 14, 1966, p 122. 
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POSITI 
PeRITME 100:1 PWM-~Modification of one-shot permits 
 & changing pulse width by means of R2, or 
J 0 NEGATIVE externally with either d-c voltage or asc 
modulation signal—$. J, rst, Improved 
be a } eee Monostable Multivibrator Allows Wide Range 
NEGATIVE I of Pulse-Width Control, EEE, Jan. 1969, p 
TRIGGER 114-115, 
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SELF-POWERED GENERATOR—Produces sharp 
output pulse, with rise time of 100 ns during , 
50-5 fall time of 6-V rectangular input signal. Fall time 
@1 and Q3 are 2N2894; Q2 is 2N2369; all “0 # SEC 
diodes are 1N4153; R1 and R4 100K; R2 3k; 

R3 10K; Cl 0.1 uF.—"Selected Electronic Cir- 

cuitry,” NASA SP-5046, 1966, Government 

Printing Office, Washington, D.C., p 57. 
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ADJUSTABLE PULSE TRAINS—Eight identical 
cascaded blocking oscillators generate pulse 
train in which spacing between pulses in 
adjacent oscillators is adjustable in range 
from 0.1 to 0.9 of previous pulse width. 
Pulse width is largely determined by values 
of R and C connected to emitter. Waveform 
at emitter is triangular, so potentiometer can 
adjust triggering time of next oscillator with- 
out affecting pulse width.—G. Mader, Blocking 
Oscillators Simplify Adjustable Interpulse 
Spacing, Electronic Design, July 6, 1964, p 52. 


CONSTANT PULSE WIDTH—Random-duration 


closing of $1 produces fixed-duration output 
pulse with width adjustable by R9 from 2.5 
to 100 ms. May be used as pulse stretcher, 
pulse shortener, and contact-bounce elimi- 
nator. Varying supply voltage from 15 V 
to 45 V produces less than 0.2-ms change in 
output pulse duration.—R. W. Murre, Any 
Switch Closure Produces a Fixed-Duration 
Output Pulse, Electronic Design, Feb. 1, 1969, 
p 72 and 74. 


614 


B+(10V} 


TRANSISTOR RELAXATION OSCILLATOR—Two 
ordinary transistors connected as shown will 
equal performance of ujt relaxatian oscillator. 
Component values are for 1 kHz—W. A. 
Vincent, Using Transistors as Negative-Resist- 
ance Devices, Electronics World, June 1969, p 
38-40 and 62. 
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COMMON ATTENUATOR—Provides single-dial 
amplitude control of four or more pulse gen- 
erators used to measure parameters for com- 
puter memories. Gate-generator signals 
switch Q1 or Q2 to deliver either positive or 
negative write pulses to core being tested. 
Article describes adjustment procedure for 
setup. Maximum output current of generator 
is 1 A into 50-cohm load. Repeatability of 
amplitude settings is limited only by attenu- 


MULTIPULSE GENERATOR—Circuit was devel- 
oped at Goddard Space Flight Center to gen- 
erate pulses about 150 ms apart for operat- 
ing shutter used to protect optical system from 


excessive light. Input trigger pulse turns on 


ELECTRONIC CIRCUITS MANUAL 


Supply + 26 Vide 
SCR, 2N886 
CR, through CR, 1N645 
k, BRO-1K 
Q1,Q 2N1671B 
Q, 2N9380 
Cy 0.01 pF 
C2, Cs 10 pF 
c, 0.1 pF 
Shutter Cs 2.7 pF 
coil Cs lyk 
Ry 100K 
R, 22K 
e+ Vde R,; 4.7K 
return R, 68K 
Rs, Ra, Re, Bao 1002 
R, 10K 
Ry 83K 
Ry 3.8K 
Ry, 27K 


SCRI to initiate capacitor-charging action for 
generating required pulses.—"Selected Elec- 
tronic Circuitry,” NASA SP-5046, 1966, Gov- 
ernment Printing Office, Washington, D.C., p 
24, 
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atay backlash and generator stability —W. M. 
Chu, Single Control Adjusts Outputs of Sev- 


eral Pulse Generators, Electronics, July 10, 
1967, p 82—83. 
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10-A PULSES AT 160 V—Scr with simple mag- 
netic firing circuit switches half-cycles of line 
voltage to give high-power pulses for indus- 
trial control circuit application.—T. P. Sylvan, 
SCR Quarter-Wave Rectifier Forms High-Power 
Pulses, Electronic Design, April 27, 1964, p 
95-97. 


500-KHZ UJT RELAXATION-—Single transistor 
and resistor extend frequency range of basic 
ujt.—M. Graminga, Modified Unijunction Os- 
cillator Reaches 500 kHz, FEE, Sept. 1966, p 
144, 
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50-KHZ COMPLEMENTARY UJT—Operates as 
relaxation oscillator with good immunity to 
supply voltage changes.—W. R. Spofford, Jr., 
Complementary Unijunction Transistors, Gen- 
eral! Electric, Syracuse, N.Y., No. 90.72, 1968, 
p 10. 


DELAY-LINE GENERATOR~Uses 50-chm delay 
line Z with transistor operating in avalanche 
mode to generate positive or negative pulses 
with controllable amplitude and duration. 
To get negative pulses with circuit shown, 
load RL is placed in series with emitter-ground 
connection of transistor. VCC and RC affect 
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repetition rate, but rate is primarily deter- 
mined by value of line capacitance and there-~ 
fore by pulse width. Pulse amplitude is 
changed by using different fine impedance 
and transistor.—"High Speed Switching Tran« 
sistor Handbook,” Motorola, Phoenix, Ariz., 
1969, p 295. 


FIRING EXPLOSIVE BOLT~C1 stores energy 
for firing squib XI. Positive 1-mA pulse 
fires scr, making Cl discharge through squib. 
Circuit resets automatically after test firing, 


allowing Cl to recharge. Can be used for 
detonation and for rocket engine ignition. 
High Reliability Squib Firing Circuits, Solid 
State Products, Salem, Mass., No. 3. 
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FREQUENCY-CALIBRATED POT IN UJT RELAX- 
ATION—High stability of ujt relaxation oscil- 
lator permits calibrating settings of poten- 
tiometers. Center frequency is approximately 
1,000 Hz, with RI providing at least one 
decade of variation and with trim control! 
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0.05 pt 


25 voir 3332 
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providing at least one octave of variation. 
Trim pot is independent of RI.—J. H. Phelps, 
Unijunction Oscillator Has Frequency Trim 
Control, “400 Ideas for Design Selected from 
Electronic Design,” Hayden Book Co., N.Y., 
1964, p 177. 
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ONE, TWO, THREE, OR BURST—Versatile pulse Vee 
generator costing about $20 delivers combi- 
nations of 5-V pulses in frequency range of 
400 to 15,000 Hz. With R3 at maximum, 
R2 is adjusted to give single pulse when 
power is applied. R3 is then adjusted jo 
give double~ or triple-pulse groups or to give 
continuous burst of pulses. QI may be any 
transistor serving as inverter and isolation 
stage.—G. Lawson, A Four-Layer Diode Forms 
Double-Pulse Generator, Electronic Design, 
April 26, 1967, p 243. 
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VARIABLE-PHASE DOUBLE-PULSE GENERATOR 
—Delivers high-power pulses alternately from 
two separate outputs, as required for such 
applications as firing an scr paralleled in- 
verter having noninductive load, Circuit con- 
sists of two ujt relaxation oscillators, syn- 
chronized through C3, with R2 controlling the 
phase difference between outputs and Rl 
controlling frequency over range of 200 to 
800 Hz, Output pulses are about 4 V peak 
and 10 us wide.—T, P, Sylvan, The Unijunction 
Transistor Characteristics and Applications, 
General Electric, Syracuse, N.Y., No. 90.10, 
1965, p 78. 
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VOLTAGE TO PULSE WIDTH—With connections pulse train is synchronized. Pulse width of input voltage varies from 0.1 to 10 V, C1 can 
shown for Burr-Brown 4013/25 switched inte- output is linear function of input signal volt- be 0.01 uF and RI 90K.—Sample/Hold 
grator, very linear and stable synchronized age El. Values of ER, Cl, and R] are chosen Modules, Burr-Brown Research, Tucson, Ariz., 
pulse-width modulater is obtained. Pulse according to dynamic range and pulse repe- PDS-211, 1969, p 10. 

train provides clocking signal to which output tition rate desired. If clock is 1 kHz and 
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RELAXATION OSCILLATOR—Uses npn diffused 
silicon breakdown diede and minimum of 
other components to produce sharp output 
pulses. Breakdown voltage of T142A is in 
range of 28 to 36 V, so battery supply volt~ 
age must be enough for capacitor to charge 
through series resistor enough to exceed 
breakdown voltage and give desired repeti- 
tion rate—’Preferred Semiconductors and 
Components,” Texas Instruments, Dallas, 
Texas, CCIOI, 1968, p 24108. 


TI42A | | 


OUTPUT 


NOISE-IMMUNE NEON ONE-SHOT—Switching 
of neon tube converts a-c voltage or long d-c 
gate into short 20-V output pulse having 
less than I-us rise time, Circuit locks out 
other signals as long as trigger signal is 
present, and is immune also to signals and 
noise for predetermined time after removal 
of trigger. Product of R2 and Cl deter- 
mines lockout time.—A. M. Patlach, Neon Tube 
Circuit Forms One-Shot Pulse Generator, Elec- 
tronic Design, June 7, 1965, p 38-39. 


{J ) COAXIAL LINE 


PULSE FORMER 


loM  * 

PULSE FORMER—Input pulse from 50-ohm 
coax is stepped up by transformer to trip 
Krytron gas-filled switch tube that produces 
high peak current for short duration, around 
several ns, through resistive load.—Krytrons 
Cold Cathode Switch Tubes, EG&G, Boston, 
Mass., KR-100, 1968. 


TRI49 


Cold 


+ 
H170V) 


LOAD COIL 
fopprox.4mH, 


PRINT HAMMER DRIVE—Duai scr delay flop 
{monostable mvbr) delivers constant-energy 
pulses to solenoids of line printer hammers or 
paper tape punches, at repetition rates above 
100 pps. Output is 170 V at 5 A. Circuit 


PWM—Arrangement shown requires only 
single capacitor on IC triangularewave gen- 
erator for pulse-width modulation in audio 
amplifiers. Also produces two square-wave 
resets automatically.—S. W. Piccione, SCRs outputs. Charging of CI by collector cur- 
Simplify Monostable Coil-Driver, EEE, Nov. rent of Q4 forms leading edge of sawtooth 
1967, p 129-130. ©. Baade, One Capacitor Makes IC a Pulse- 

width Modulator, Electronics, Sept. 2, 1968, 
p 71. 


NOTE: To locate additional circuits in the category of this chapter, use the index at the back 
of this book. Check also the author’s “Sourcebook of Electronic Circuits,” published by 


McGraw-Hill in 1968. 


CHAPTER 67 
Pulse Shaping Circuits 


10kn 10k. 
+ + 
SUS PULSE SHARPENER-Simple 2N4983 (or 
2n4083 2N4987) silicon unilateral switch circuit uses 
ee . + INPUT + energy stored in capacitor to generate rapid 


OUTPUT 


ouTPUT rise or fall time.—Silicon Unilateral Switch 
PULSE 


PULSE 2N4983/2N4986, General Electric, Syracuse, 


~ N.Y., No, 65.25, 1967. 
(a) POSITIVE OUTPUT {b) NEGATIVE OUTPUT 


INPUT TO (SV 
GOTH CIRCUITS 
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OUTPUT OF CIRCUIT (a) N 
OUTPUT OF CIRCUIT (b 
a y im Ry St 


{ce} TYPICAL WAVEFORMS 


INDUCTIVE OVERSHOOT—Single transistor 
stage inserted between coax and inductive 
oad prevents pulse overshoot by compensat- 
ing for inductive reactance. R3 is adjusted 
ta terminate cable in its characterisic imped 
ance. R2L1 should equal product of RI and 


inductive load, for best compensation.—T. E. 54k O.Byh 
Skopal, Transistor Circuit Cancels inductive 

Load Effects, Electronics, Dec. 9, 1968, p 83— 

84, 


STRETCHING 2,000 TIMES—High impedance of of preceding stage. Circuit provides stretch. == ~J. Holland, MOS FET Prevents Loading By 
mosfet transistor, in circuit for stretching nar- —_ ing factor of about 2,000 for 2.5-ns negative- a Pulse Stretcher, Electronics, March 3, 1969, 
row pulses by large factors, prevents loading going pulse having peak of at least 0.5 V. p95. 
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a t 


TRAILING -EDGE SHARPENER — Charge-con- 
trolled diode in series with load reduces out- 
put voltage until it switches into high-imped- 
ance state. For 5-ns fall time of input pulse, 
sharpening action reduces fall time of output 
pulse to less than t ns.—B. Siegal, Simpler 
Digital Circuits in a Snap, Electronics, June 9, 
1969, p 105—108. 


po ee 
c oO 
TIMING CHART 


Q§& Q3 ARE ANY 
OF THE FOLLOWING 


PULSE STRETCHER~Senses peak amplitude and 
holds this voltage level for much longer than 
width of pulse, External source can be used 
in place of pulse-initiating switch. Q1 and 


Olaf — Maug2o0 


PULSE SQUARER—Combination of series and 
shunt charge-controlled diodes sharpens both 
leading and trailing edges of pulses in digital 
circuits. By varying bias currents, circuit will 
also serve for pulse position control and vari- 
able pulse width control.—B. Siegal, Simpler 
Digital Circuits in a Snap, Electronics, June 9, 
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LEADING - EDGE 
trolled diode is connected across load to pre-~ 
sent low impedance that holds output voltage 
low until all its stored charge is removed, then 


SHARPENER — Charge-con- 


switches to high-impedance state. Output 
pulse is narrower than input pulse by amount 
of delay time. With values shown, input rise 
time is about 12 ns, and output rise time is 
narrowed to fess than 1 ns.—B. Siegal, Simpler 
Digital Circuits in a Snap, Electronics, June 9, 


1969, p 105-108. 
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GROUNO 
TO RESET 
) 


2N3855 
2N333t 
2N3394 


Q3 provide impedance transformation and 
“isolate fet Q2 from source and load. 
can be stretched as long as 30 hours by using 
expensive fet with low gate leakage and 


1969, p 105—108. 


PULSE WIDENER—Modification of monostable 
mvbr gives equivalent of two standard mvbr 
circuits, for applications requiring elongated 
output pulse. For values shown, pulse width 
A can be adjusted from 0.05 to 1.8 s and B 
from 0.1 to 4.5 s. By adding OR gate Q4- 
Q5, width of output pulse at C becomes sum 
of times A and B. Circuit may also be used 
to provide timing function with zero recovery 
time and duty cycle approaching 100%.—R. 
W. Fergus, Modified Multivibrator Has Elon- 
gated Pulse Output, Electronic Design, March 
15, 1965, p 59. 
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selecting diode and capacitor with very low 
leakage.—J. H. Wujek, Jr, and M. E, McGee, 
Field-Effect Transistor Circuits, Electronics 
World, May 1967, p 32-33 and 75, 


Pulse 
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CENTERING WITH DIODES—Delivers output 
pulse having equal amplitudes above and 
below ground, when incoming pulse has 
variable amplitude and duty cycle. Cl and 
Di provide positive clamping, so signal at A 
is reproduction of input shifted below d-c 
ground. Similarly, C2 and D2 provide nega- 
tive clamp as at B. Resistor network acts as 
instantaneous adder to provide desired result, 
—T. B. Hooker, Circuit Provides Pulse Equally 
Centered About Ground, Electronic Design, 
Nov. 9, 1964, p 79, 


CONTROLLEO- 
CURRENT 
INPUT 


eNISI7 
Q 


SCR PULSE STRETCHER—Will detect 3-V pulses 
as short as 20 ys, either singly or in trains, 
and stretch them as shown by waveforms. 
For values shown, relay is energized about 
50 ms for single pulse. For repetition rates 
above 20 per second, relay remains energized 
during entire pulse train, but releases within 
50 ms after last pulse in train.—A. Balint, SCR 
Pulse Stretcher Resets After Pulse Train, “400 
Ideas for Design Selected from Electronic De- 
sign,” Hayden Book Co., N.Y., 1964, p 40. 


DI isi2i 


Rq 560 


ouT 


TRAILING-EDGE SHAPER—Feedback network is 
used between avalanche-switching input cir- 
cuit and output stage of pulse generator to 
turn off Q1-Q2 sharply at desired interval 


after Q3 conducts, to shorten exponential 
decay time by factor of 10. The resulting 
sharper decay permits use of trailing edge of 
output pulse for triggering other circuits. 


+24v 


With R5 as potentiometer, pulse width may be 


varied.—K. J, Foord, Simple Feedback Network 


Shapes Trailing Edges, Electronics, Oct. 2, 
1967, p 96-97. 


PULSE SHAPING 


RISE-TIME BOOSTER-—-Rise time of conven« 
tional square-wave oscillator is greatly in- 
creased by connecting Cl and C2 to split 
collector loads of transistors, Circuit also 
provides clipping of output waveform.—P, 
D. Gargiulo, Fast Rise Times From Slow Cir- 
cuits, Electronic Design, April 27, 1964, p 93— 
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TANGENT FUNCTION—Diode generator is com 
bined with differential amplifier to raise am- 
plifier gain sequentially as input signal in- 
creases, for generating complex voltage 
waveforms such as tangent functions and 
other functions that become unbounded in 
magnitude at key points. Three pots are 
used to shape positive section of output, and 
three for negative section,—W. E. Peterson, 
Diode Generator Yields Complex Functions, 
Electronics, Oct. 13, 1969, p 95. 


Q, 
2N3643 


CIRCUITS 


PEAK-HOLDING SPIKE STRETCHER—Will hold 
level of single pulse as narrow as 20 ns, with 
peak ranging from several hundred mV to 
5 V, while increasing width of pulse up to 
100,000,000 times.—l, D. Crawford, Pulse 
Stretcher Remembers Level of Narrow Spike, 
Electronic Design, June 7, 1970, p 96. 
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PULSE STRETCHER—Uses negative feedback 
for opamps to give unity gain. When posi- 
tive pulse having rise time above 2 us is fed 
to first opamp, positive output of opamp 
charges stretching capacitor C) through RI 
and CRI. When pulse dies away, CRI be- 
comes reverse-biased and C} discharges with 
long time constant. Stretched output is thus 
obtained from second opamp serving as volt. 
age follower. Typical pulse-stretching R-C 
time is 1 s for 3-V pulse. Dynamic range is 
over 200.—J. H. McQuaid, Linear Pulse 
Stretcher has Wide Dynamic Range, Electronic 
Design, July 5, 1969, p 80 and 82. 
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300 


BIDIRECTIONAL CLIPPER—Symmetrically limits 
excursion of input signal about its average 


value. Transfer zone is only 300 mV. [f all 
diodes are same type, allowed signal excur- 
sion will be nearly zero, because it is only as 
large «as variations in diodes. For larger 
signals, use all silicon diodes, such as 1N459 
for D1 and D2, and 1N456 for D3 and D4.~— 
Vv. J. Kaneski, Simple Bidirectional Clipper 
Has Small Transfer Zone, Electronic Design, 
June 22, 1964, p 68-69. 


PULSE EXPANDER-—External trigger is fed 
into ujt Q6 through transistors QI, Q2, and 
Q3 to make stable mvbr expand 5-us pulse 
up to 100,000 times in width while main- 
taining recovery time of less than 10 us. 
Used to make 5-45 computer pulse generate 
sharp and accurate 3-ms pulse for control of 
readout equipment, Article describes opera- 
tion in detail—D. A. Brooks, Unijunction 
Transistor Controls Stable One-Shot, Elec- 
tronics, Jan, 8, 1968, p 89~90. 
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PULSE SHAPING CIRCUITS 
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UJT SHAPER—Use of inductance in ujt relaxa- 
tion oscillator cuts rise and fall times to 0.3 
BS for 12-us pulse width. With 47-ohm 
resistor in place of inductance, rise time is 
same, but fall time goes up to 3 us.—“Uni- 
ivnction Circuit Hints,” General Electric, Syra- 
cuse, N.Y., Fig. 1. 


: e SQUARE OUTPUT 
nor PULSE 22V FOR 


20 TO 50MS 


STRETCHER—Provides both amplification and 
widening of 4-V 0.5-us trigger input pulse, 
with 5-~F capacitor and 4.7K resistor deter- 
mining stretch interval and same capacitor 
with 100K resistor determining circuit recovery 
time. Gives square-wave output of 20 to 50 
ms at 22 V.—Planar Silicon Controlled Switch 
3N81/3N82, General Electric, Syracuse, N.Y., 
No. 65.16, 1964, 
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CONSTANT DUTY CYCLE—Single-shot mvbr 
coupled to integrator delivers output pulse 
train with constant duty cycle while matching 
output frequency to changing input frequency. 


#H2v 


OUTPUT ig 
Circuit permits varying frequency of pulse 
generator over wide range without simul- 
taneously adjusting pulse width  centrol. 
Duty cycle can be set anywhere from 7% 
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2N1130 


O.01pF 


-~9 
StNE-DRIVEN TRAPEZOIDAL—Gives trapezoi- 
dal output waveform for sine-wave input 
voltage large enough to drive transistor al- 
ternately into saturation and into cutoff, 
Typical value for battery is 10 V. Output is 
produced by clipping of input.—A. C. Gillie, 
“Pulse and Logic Circuits,” McGraw-Hill, N.Y., 
1968, p 278. 


SCR AMPLIFIES ONLY LEADING EDGE-—2N- 
1596 scr acts as low-impedance pulse ampli- 
fier, eliminating need for shut-off for circuit 
requiring only leading edge of pulse. 
period of 8 ms is determined by C1, R1, C2, 
and load. Article gives operating details.— 
A. J. Fishman, Shut-Off is Not Required in 
SCR Pulse Amplifier, Electronic Design, March 
16, 1964, p 107-108 


Pulse 


an aaa | 


to 93% over frequency range of 100 to 1,000 
kHz if Cl is 500 pF.—W. Ross, Pulse Train 
Frequency Varied as Duty Cycle Stays Con. 
stant, Electroni¢ts, July 21, 1969, p 84. 
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SQUARE TO TRAPEZOIDAL—Converts positive vary output rise and fall times over range of ponents, rise and fall times can eee 
square waves into negative pulses having ad- 10 to 200 ns, Rise time only is affected by to ms range.—D, N. hee, Trapexoi a iia 
justable linear rise and fall times. With R2, while R5 changes both rise and fall times. ator Forms Variable Linear Ramps, Elec 
controls R2 and R5 set at minimum, C2 will With larger values for these adjustable com- Design, Dec. 7, 1964, p 66~67. 


NOTE: To locate additional circuits in the category of this chapter, use the index at the back 
of this book, Check also the author's “Sourcebook of Electronic Circuits,” published by 
McGraw-Hill in 1968. 


CHAPTER 68 
Radiation Circuits 


GROUND BIAS REFERENCE 
Ry, <5.3MEG 
Ry, <5.3MEG 


tOOK 
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HARDENED SCR SWITCHING TJME—Article 
gives equations into which measured param- 
eters of components without radiation can 
be inserted for predicting response under ra- 
diation. Circuit shown is used to display on 
cro, in manner suitable for photographing, 
switching time of scr under test. Pulses are 
simultaneously applied to gate and anode. 
When anode pulse disappears, ser turns off 
until next gate and anode pulses arrive. 
Equation then gives performance under radi- 
ation.—J, T. Finnell, Jr. and F. W. Karpowich, 
Skipping the Hard Part of Radiation Harden- 
ing, Electronics, March 4, 1968, p 122-127. 


—40¥ 


UNHARDENED—Even with special transistors, 
flip-flop shown is sensitive to radiation be- 
cause its relatively low base-collector off- 
current makes it vulnerable to being turned 
off by transient pulse. Article discusses tech- 
niques for hardening such circuits for military 
equipment. Dashed lines show resistance 
paths that can carry radiation-induced leak~ 
age currents.—Designing Hardened Equipment; 
Several Methods Are Useful, Electronic Design, 
June 8, 1964, p 46 and 48-51. 
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REACTOR ROD DRIVE—Bridge amplifier con- 
trols 100-W d-c motor for positioning control 
rods in nuclear reactor. Q5 and Q6 provide 


isolation between input and output and en- 


sure class B operation. toad current is 


proportional to difference between voltages 


A and B.—M. A. Hassan and T, A. Greine-~ 
vitch, Bridge Amplifier Provides Isolation, 
Electronics, Sept. 30, 1968, p 83. 


625 


ELECTRONIC CIRCUITS MANUAL 


HARDENED TRANSISTOR STORAGE TIME— 
Article gives equations into which measured 
parameters of components without radiation 
can be inserted for predicting response under 
radiation. Circuit shown is used with cro 
to measure time required for transistor under 
test to recover’ after being driven into satura- 
tion by leading edge of pulse. Values are 


TO 
DIFFERENTIAL 
AMPLIFIER OF 


OSCILLOSCOPE 


for 2N2222 transistor, which gave saturation 
or storage time of 3 ys. Equation gives 
storage time under gamma dose rate of 0.1 
terarad/s as 4 us, as compared to 3.8 us 
measured under actual radiation.—J. T. Finnell, 
Jr. and F. W. Karpowich, Skipping the Hard 
Part of Radiation Hardening, Electronics, 
March 4, 1968, p 122-127. 
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SCINTILLATION METER—Can be used either as 
alpha or beta-gamma detector. Commercial 
Eberline version PAC-1S is calibrated to give 
meter reading from 0 to 2,000,000 counts per 
minute of nuclear radiation in four ranges. 
Article describes operation in detail and gives 
suggestions for maintenance.—J. G. Ello, Scin- 
tillation Radiological Survey Meters, Electron- 
ies World, Jan. 1970, p 39—43. 
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RADIATION CIRCUITS 


Re520 


0,33 
Ni Ne Nc 
39 13 
NL 25 
HARDENED—Common-base preamp, using 


special high-frequency small-signal transistor 
having short carrier transit time, loses only 
3 dB of gain in high-radiation environment. 
Has stabilized voltage gain, with input im- 
pedance increased by negative feedback to 
base. Requires exact input and output power 
matching. Article gives circuit hardening 
techniques.—Designing Hardened Equipment: 
Several Methods Are Useful, Electronic Design, 
dune 8, 1964, p 46 and 48-51, 
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LOW NOISE FOR RADIATION DETECTOR—Sili- 
con fet input stage has high input impedance 
and low noise level, to provide maximum 
signal transfer from high-impedance photo- 
voltaic radiation detector. Amplifier stages 
Q2 and Q3 have direct coupling, with over-all 
a-c feedback foop to give desired frequency 
response, Over-all voltage gain is 115 at 
1 kHz.—C. R. Seashore, Field-Effect Input 
Stage Gives Low-Noise Preamp, &lectronic 
Design, May 25, 1964, p 70-71. 


GROUND BIAS REFERENCE 
Ry 5S 0.5MEG 


HARDENED FLIP~FLOP—Circuit is designed for 
reliable operation in high neutron fluxes, as 
required in military equipment. Base bias 
circuitry is designed to prevent turn-off by 
transient pulse. Dashed lines show resistance 
paths that can carry radiation-induced leak-~ 
age currents. Special transistors are used. 
Article discusses circuit hardening techniques. 
—Designing Hardened Equipment: Several 
Methods Are Useful, Electronic Design, June 8, 
1964, p 46 and 48-51. 
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ALL CAPACITORS 5.6uF , 35Vdc wkg. 


SWITCHED-CAPACITOR GEIGER—Printed-cir- 
cuit switch charges capacitors in parallel to 
27 V, then connects all capacitors in series 


with battery to give 300 V dec required for 
Geiger tube. Counter will operate over 30 
min on single charge of capacitors, Uses 


three small 9-V batteries in series.—D. J. Pis- 
tulka, Passive D-C Converter for Geiger Coun- 
ter, EEE, June 1967, p 137. 
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BISTABLE NUCLEAR-REACTOR  TRIP-ALARM 
DRIVER—Uses Fairchild IC opamp, with radia- 
tion-monitoring transducer fed through RT 
to noninverting input. Since 0~10 V range 
of sensor is outside input limits of IC, level- 
set pot is returned to —12 V to shift input 
signal level to zero. Once adjusted, increase 
of a few mV above this threshold makes IC 
switch on and operate relay driver and alarm. 
Triggering repeatability is order of magnitude 
better than can be obtained with more ex- 
pensive discrete-component circuits.—K. A. 
Zimmerman, The Integrated Operational 
Amplifier: A Versatile and Economical Circuit, 
“Microelectronic Design,” Hayden Book Co., 
N.Y., 1966, p 189-194. 


3B86 GEIGER 
ELEMENT 


MOSFET SURVEY METER—Mosfet Q1 serves in 
place of conventional electrometer tube in 
providing input impedance of 100 teraohms, 
Eliminates tube warm-up time, reduces weight 
and cost, and extends battery life. Range is 
50 mR/hr full-scale at setting X1 of range 
switch, and ten times that at other settings. 
—R. L. Brayden, Radiation Meter Uses MOSFET, 
FEE, July 1967, p 129-130. 


LOW-NOISE PREAMP—Use of Mullard BFW11 
fet’s significantly reduces noise as compared 
to that with conventional bipolar transistors 
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SELECTOR & 
SWITCH 


when used with high-impedance radiation 
sensor,—Reduce Pre-Amplifier Noise in Solid 


GEIGER COUNTER—Operates from 1.25-V cell 
B2 and 300-V battery B1, using Victoreen 
1B86 Geiger element. Values are: Ct-C2 
0.025 uF; RI-R2 4.8 meg; R3 1.2 meg. Some 
clicking is always heard, due to normal back- 
ground radiation on earth, Increase in 
clicking indicates strong source of radiation, 
such as lost shipment of uranium or radium. 
—R. M, Brown, “104 Simple One-Tube Proj- 
ects,” Tab Books, Blue Ridge Summit, Pa., 
1969, p 122, 
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State Radiation Detector, Sasco Electronic 


News, England, Sept. 1969, p 2. 


CHAPTER 69 


Receiver Circuits 


IN-FLIGHT AIRCRAFT RECEIVER—Nonradiating 
pocket-size receiver using diode detector and 
two audio stages permits listening to 110—- 
135 MHz pilot-ground transmission while fly- 
ing, or control-tower transmissions while 
visiting airport. Range is about 500 ft from 
transmitter. Signals are picked up with 
three-turn loop antenna wound around base 
of plastic pillbox containing entire receiver. 
“Hobby Manual,” General Electric, Owens- 
boro, Ky., 1965, p 74. 
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12-TRANSISTOR A-M PORTABLE—Operates 
from four 1.5-V Eveready 1015 AA cells or 
equivalent or from separate 6-V d-c adapter 
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for a-c line. All capacitors with values less 
than 1 are in uF, and greater than 1 in pF. 
No-signal battery drain is 12 mA. Covers 


535—1605 kHz.—IRI005 AM Portable Radio, 
Magnavox Service Manual 1439, 1969. 
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5-W CAR RADIO AMPLIFIER—Loudspeaker is 
driven by center-tap choke having small wind- 
ing that provides feedback to first stage. 
Choke inductance is 30 mH and voltage ratio 
of choke to secondary is 13:1. Operation is 
class A.—’‘Transistor Audio and Radio Cir- 
cuits,” Mullard Ltd., London, 1969, p 90. 


contro} 


RS 
3002 


ANT 
COIL 


LE AMPL 


OETECTOR 


clo 
200/6,4V 
= 
R12 
682 


+ 


ci 
200/164 


PORTABLE A-M RADIO—Single Amperex TAD- 
100 IC (shaded area) includes all active stages 
for driving earphone, and requires only two 
additional transistors for speaker (Q12 is 


2N4105 and Q13 is 2N4106). Output power 


is then 1.5 W into 4-ohm speaker. 13 
Amperex 822-410-42010 ceramic i-f filter. 
is 280-pF two-section tuning capacitor. 


is 
cl 
Are 


ticle gives construction details—L. Auer and 
H. Thanos, Experiment With One-IC Radio, 
Radio-Electronics, Nov. 1969, p 49~—51. 
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150-MHz FET—Battery-operated circuit gives 
14-dB gain with low noise for 2-meter re- 
ceiver. Coils L}, 12, 13, and £4 are respec 
tively 5% turns tapped at 114 turns No, 26, 
92 turns No. 34, 5 turns No. 26, and 1%4 
turns No. 26 at low end of 13, all wound on 
brass-slug ceramic forms.—"Tips on Using 
FET’s,” HMA-33, Matarala, Phoenix, Ariz., 
1969, 


INPUT 


VIA,B,C = 6AFII 


T~COMPACTRON S-W RECEIVER—Covers 250 
kHz to 16 MHz with plug-in coils. Uses triode 
regenerative detector, triode audio voltage 
amplifier, and pentode power amplifier. 
Choice of antenna connections is provided to 
increase selectivity and tune out dead spots. 
Can serve as backup in case larger receiver 
breaks down, Article gives construction 
details and coil-winding data—"Habby Man- 
val,” General Electric, Owensboro, Ky., 1965, 
p 108. 


THREE POSSIBLE 
ANTENNA CONNECTIONS 


cLock 
SWITCH 


eLOCK Licht 


S20 AC, 


CLOCK-TIMER RECHARGER 


PNTEGRATES CIRCUIT 
1 


AUDIO DRIVER AUDIO ODTPUT 
(S)HEAT SINK 


= £. Q. Cary, World’s First Single-Chip Inte- 
IC RADIO—G-E Medel P1740 radio uses single ponents. External components include bat-  grated-Circuit Radio, Electronics World, Nov. 
15-lead integrated circuit for all active com- tery charger in clock-timer.—J. R. Cacciola and 1966, p 44-46. 
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ANTENNA 


Qr 
ARN1020 


MOSFET A-M REFLEX~—Extremely high input 
impedance of mosfet makes input tank cir- 
cuit determine selectivity. @Q2 buffers signal 
into low-impedance input of reflex amplifier 
Q3-Q4-Q5 that amplifies both rf and audio 


FERRITE 
RF ANTENNA 


A-M VARACTOR-DIODE TUNER~Developed in 
Europe for covering 510-1,610 kHz broadcast 
band. Provides tuning accuracy and stability 
needed for pushbutton tuning. Self-oscillat- 


.OOL 1K 
VOLUME 
Q2 


2N2222 


C3 R13 


signals, 
to peak detector formed by R9, DI, C6, R8, 


R-f output signal is filtered and fed 


C5, and L2. Resulting audio signal is fed 
through volume control R5 back into amplifier 


OSC7MIXER 


ing mixer transistor Q] operates in common- 
base mode. Maximum voltage required for 
tuning actoss band is 12 V. Varactor diodes 
should be matched.—H. Keller, Overcoming 
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and filtered into speaker.—C. R. Perkins, 
“Application of MOSFET Devices to Electronic 
Circuits,” Hughes, Newport Beach, Cal., 1968, 
p 39, 


BANDPASS 
FILTER 


-1TO-f2¥ 


Design Problems in Varactor-Diode Tuners, 
Electronics, Jan. 6, 1969, p 88-92. 
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VLF WHISTLER RECEIVER—Covers vif portion 
of r-f spectrum, from. 4 to 16 kHz, for listen- 
ing to whistlers (descending-frequency 
whistles caused by lightning), chirping and 
clicking sounds at sunrise known as dawn 
chorus, and sounds associated with launching 
of spacecraft and firing of nuclear explosions. 
Navy code broadcasts on 14.8 kHz may also 
be heard, Loop antenna is 200 turns of No. 
25 enameled wire wound on frame consisting 
of two 4-ft pieces of wood formed into X by 
notching. Rotate loop to point where power- 
line hum is minimum. J} should go to high- 
impedance input of hi-fi amplifier.—“A Mod- 
ern Transistor Workbook,” Radio Shack, Bos- 
ton, Mass., 1965, p 43. 


+6V 


OUTPUT | 


v, 
IC PRODUCT DETECTOR—IC r-f amplifier is 50 Vy O oureur2 
connected to provide double-ended out-of- 
phase output when driven through 50-ohm | 
adjustable feed by double-sideband signal @) 
from separate suppressed-carrier modulator. 00018 
—"Linear Integrated Circuits,” RCA, Harrison, T 5 Lay 
NJ, 1C-41, p 230. MOOK ATED 
SIGNAL, 
REGENERATED 
CARRIER 
(1.75 MHz) 


a 


Be 
B+ t 
HIGH S% 
SIKS% 39K (00K 3 +ravoc 
C INvicaTor 
Low * LIGHT 
FET 
AGC 
Low 
AUDIO 
our 
METER 
ORIVE HIGH 


MULTIPATH NOISE MOISE 
INDICATOR. OUT ET 


HI-FI |-F WITH IC—Uses integrated circuits de- _ first two IC’s to improve phase linearity over stereo signal.—L. W. Fish, Jr., and K. J. Peter, 
signed for H. H. Scott f-m receivers by Moto- entire bandwidth. Output terminal 10 drives © New Concepts in Hi-Fi Receiver Design, Elec- 
rola, with quartz crystal filter (C-301) between “Perfect Tune” lamp to show exact tuning of tronics World, Feb. 1969, p.32—34 and 69—70. 
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+14Av 


R4 
1BkN 


TRI 
BCI48 
or BCIO8 


TR3 
ADIGL 


cs 


Re 


hS5kn 


or] 


{O00uF 1OV 


Ra 
100k 


1OnF 


180 


6-W CLASS B AMPLIFIER—-Designed for use in 
car radio, Circuit is conventional except that 
decoupling capacitor C2 in input stage is re- 
turned to emitter of TRT instead of to chassis; 


this reduces effect of ripple in supply and 
increases input resistance by bootstrapping 
base resistor.—‘Transistor Audio and Radio 
Circuits,” Mullard Ltd., London, 1969, p 92. 


GE 


Q),2N2926 (RED) OR 2N2715 OR 2N3394 
Q2,Q3,2N2926 (ORANGE) OR 2N2716 OR 2N3393 
Q4,2N2196 OR 2N2107 (ATTACH TO HEATSINK} 
DIS! DIODE IN4009 

D2 GE DIODE IN6O 

D3 ini692. 


*# USE |.Opf WITH 2N2926 AND ZN33391 


BI-110V,25W LIGHT BULB 
TL EX-St68(4K/1K} 

T2 13964 (1K/IK) 

T3 38kK/100 

T4 250/8 


620 25.0V 


ALL-SILICON A-M RADIO—Higher gains and 
only slightly higher cost make four-transistor 
all-silicon table radio feasible for mass pro- 
duction. 25-W lamp used to drop line volt- 
age costs about same as power resistor but 
also performs regulating function—The 20¢ 
Transistor, Electronic Design, Oct. 12, 1964, p 
40-42. 


SERIES TRANSISTORS,O.Sef WITH 2N2715 SERIES. 


EXTERNAL 
ANTENNA 


RECEIVER CIRCUITS 


re a 
4 EXTERNAL a2 
= GROUND a3 


1 N Channel FET 
NPN Transistor 
PNP Power Transistor (Germanium) 


HEP 802 


o1 Signal Diode 

C1 365 PFD Variable Capacitor 
c2 0,01 LF Disc. Ceramic 

c3 0,02 UF Disc, Ceramic 

C4 O14 UF Disc. Ceramic 

a) Ferrite Antenna Coif {Variable} 
R1,R2 4,700 §2 Resistor * Watt 10% 
R3 1 MEG 82 Resistor % Watt 10% 
R4 500,000 82 Trim Potentiometer 
RS 400,000 $2 Resistor % Watt 10% 
R6 50,000 {2 Potentiometer 

$1 Switeh Part of RE 


3-TRANSISTOR A-M RADIO—Use of fet as r-f 
amplifier contributes to selectivity and gain 
of trf circuit feeding diode detector and two~ 


transistor audio amplifier 
speaker. 


1.5-V cells in series. 


driving 
Requires 12 V, obtained from eight 


small 


R6 is volume control, 


and R4 is bias adjustment.—Calectro Hand- 
book, GC Electronics, Rockford, Ill, FR-69-C, 
p 41. 


TWO-TUBE BROADCAST-BAND REFLEX—First 
tube, V1, serves as r-f amplifier and then as 
a-f amplifier, to minimize number of com- 
ponents required, Article gives construction 
details, including those for a-c power supply 
required.—C. Green, Build Twofer-Flex, Radio- 
TV Experimenter, June—July 1969, p 37—41. 


x1 


c3=— 1 


“LL = LAFAYETTE #32-H-4108 
12 = 5 TURNS #20 WIRE WOUND 
AROUND CENTER OF L1 


X1,X2 = IN34A 


1p === Qe = 
3 VAC 
(POWER SUPPLY) HEATER 
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OUTPUT 


HEATER 
SHO 


VLF RECEIVER—Uses Darlington circuit as Q- 
multiplier to give good selectivity over entire 


vif band. T1 has 1:15 turns ratio. All tran- 
sistors are 2N527, Output can he fed te 
ordinary R-C amplifiers to give desired out. 
put level.—R, W. Couch, Simple VLF Receiver 
Uses Single Tuned Stage, “400 Ideas for De- 
sign Selected from Electronic Design,” Hayden 
Book Co., N.Y., 1964, p 33. 


VOLTAGE-DOUBLER CRYSTAL SET—Gives best 
performance with crystal headphones or when 
connected to high-impedance input of audio 
amplifier. The longer the antenna, the louder 
the signal.—J. P. Shields, “Novel Electronic 
Circuits,” H. W. Sams & Co., Indianapolis, 
Ind., 1968, p 64, 


GND Bed By 


SPAR 
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see” | btn oye C126 
125v | AOE 30F 20pF 
SOMA “750V 150¥ 1804 


HEATER 


GNO 


117 Vat = 
REFLEX-RECEIVER SUPPLY—Output terminals 
are numbered to correspond to those of two~ 
tube broadcasteband reflex receiver shown 
in this chapter. Article gives construction 
details. 11 is NE-STH neon lamp.—C. Green, 
Build Twofer-Flex, Radio-TV Experimenter, 
Jone—July 1969, p 37-41, 


IMPROVING SHORT-WAVE RECEIVER SELEC. 
TIVITY--Insertion of Miller 8902-B IC i+f strip, 
including detector, ahead of audio in budget- 
priced short-wave receiver boosts gain 100X 
(40 dB) and gives additional 18 dB of selec. 
tivity at’ 10 kHz. Receiver must have 455+ 
kHz i-f. Will operate with either positive or 
negative grounds. Selectivity is greatly, im- 
proved by using Miller 8901-B i-f transformer. 
ahead of module. Article gives construction 
details and instructions for connecting to set. 
C2 is 0.01 wF.—H. Friedman, The 100Xer, Ele~ 
mentary Electronics, Mar~Apr. 1970, p 43— 
48, 


2N3933 


0,001 uf 


OA pt 


= 6.3 VAC 


Be 


t 
| 
J 
1 
( 


HEATER _/ 
a 


BS901~8 8902~B 
IF TRANSFORMER IF AMPLIFIER 
M 


50 +6V OUTPUT 
© O 


DOUBLE~ SIDEBAND =6Y 


SUPPRESSED CARRIER 
1.701 +1.609 MHz 

PRODUCT DETECTOR—~Uses IC i-f amplifier 
with only three external cgmponents for 
handling suppressed-carrier signals. Output 
capacitor provides filtering for high-frequency 
components of oscillator signal at output. 
Gain is maximum for oscillator voltage range 
of 1 to 2 V.—“Linear Integrated Circuits,” 
RCA, Harrison, N.J., IC-41, p 158. 


-6Y 
_ we TEXT 


46% OUTPUT 
TO AF 
AMPLIFIER 


QOULE 


+6 


OUTPUT 


15k i 


output signal, Will operate up to 30 MHz.— 


TRANSFORMERLESS PHASE-SENSITIVE DETEC- 
TOR—Extracts phase and amplitude modula- 
tion data from 20-MHz i-f signals. Incoming 


signals reach both diodes simultaneously but 
out of phase, Reference voltage combines 
with diode outputs by vector addition to give 


A. H. Hargrove, [C-Size Phase Detector 
Doesn’t Need Any Inductors, Electronics, Aug. 
4, 1969, p 91-92, 
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OUTPUT 


+6V 
12) 
®,4 


eT 


Vout 


0.0! pF 
0.01 wF 


175 MHz = 
50% = L.75 MHz 
“= MODULATED = e) 50% MODULATED 
AT | KHz AT tkHz ane = 


ENVELOPE DETECTOR—Uses IC i-f amplifier 
with fixed 15K resistor connected externally 
to reduce emitter current of output transis- 
tor, to give operating point providing re- 
quired nonlinearity for detection of audio 
modulation signal. Distortion is below 3% 
for input signals from 12 to 60 mV.~“Linear 
tntegrated Circuits,” RCA, Harrison, NJ., IC- 
4l, p 156, 


ENVELOPE DETECTOR—Operation of IC i-f am- 
plifier with external connections shown gives 
envelope detector with distortion below 3% 
for input signals from 10 to 100 mV. Filter 
capacitor across output removes r-f signal 
from detected audio output.—Linear Inte- 
grated Circuits,” RCA, Harrison, N.J., IC-41, 
p 156. 


Dy Ry 
HP3001 


TRANSISTOR +12vd-c 


SWITCH 


¢ TO MIXER 


C4 
0.5 pf 


Q, 
TIX3016 


COLLECTOR~ 
REGULATION 
CIRCUIT 


TUNABLE- 
RESONANT 
CIRCUIT 


EMITTER~ 
BIAS 
CIRCUIT 


+i2vde 


~{2vd-c — 


FAST-ON OSCILLATORS—Tunable oscillators in 
wide-spectrum communication equipment are 
kept in oscillation continuously to prevent 
transistor warmup delay, with p-i-n diode DI 


shunting out signal until receiver is tuned to 
that band. When signal is desired, command 
signal is applied to transistor switch, restor- 
ing naturally high resistance of diode and 


providing oscillations within 50 ms.—A. Ba- 
rone, P-|-N Diodes Turn On Microwave 
Bands Faster, Electronics, April 29, 1968, p 
67. 


NOTE: To locate additional circuits in the category of this chapter, use the index at the back 
of this book. Check also the auther’s “Sourcebook of Electronic Circuits,” published by 
McGraw-Hill in 1968. 


CHAPTER 70 


Regulated Power Supply Circuits 


12 V AT 100 MA WITH REFERENCE AMPLI- 
FIER—-Uses zener and npn silicon transistor 
packaged together, such as RA-1 to RA-3B, to 
perform functions of voltage reference and 
error voltage amplifier for precision power 
supply. Output voltage regulation is better 
than 0.3% for line voltage variations of 10%. 
Output is 12 V at 100 mA.—T. P. Sylvan, An 
Integrated Reference Amplifier For Precision 
Power Supplies, General Electric, Syracuse, 
N.Y., No. 90.15, 1963. 


2N2108+ 
DELTA 207 
180Q HEAT SINK 


1N3639 (4) 


BIPOLAR 15 V--Provides sufficient power for 
up to four average-size IC’s, delivering up 
to 25 mA with only I-mV p-p ripple. Volt- 
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age regulation is within 0.2% far faads from shunt regulator driven by current source Q1. 
600 ohms to infinity and a-c line voltage —R. W. Forsberg, Shunt Regulator Has Opti- 
changes from 105 to 125 V. Uses high-beta mized Gain, EDN, May 15, 1970, p 53. 


REGULATED POWER SUPPLY 


itv 
ac 


To 6AS?, 
0X4 265I7 
HEATERS 


Ci Cx~16 uf 600V Li—15 H 200 Ma 


C3 Ce—~1 wf 600V L:~—15 H 60 Ma 
Cer8 uf 450V Ri—470 K 

Cs—4 nf 600V Re Ry Ris—330 K 
Ce Cr—40 ut 450V Rs—100 K 
Cy—0.1 pf 600V R.—20 K 10 Watt 


I 


14 V WITH LONG-TAILED PAIR—Two of four 
BFY52 transistors are arranged as long-tailed- 
pair differential amplifier giving higher gain 
and better regulation than conventional three- 


R; Rs—1 M 
R—10 K 10 
Rs—500 K Pot. 
Ri—20 K 5 Watt 
Ru—5 K 5 Watt 
Ru~5 K Pot, 5 Watt 


att 


CIRCUITS 
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AS7-G 


235 VOLTS MIN. 
350 VOLTS 
100 MA.MAX. 


350 V AT 100 MA PLUS BIAS—All-tube ver- 
sion of series regulator uses separate diode 
for adjustable 0~35 V negative bias supply.— 
“Essential Characteristics,” General Electric, 
Owensboro, Ky., 1969, p 348. 


Output 
———O 


9-14 


Changes in output cur- 


transistor regulator. 
rent do not affect current or voltage of zener 


D3. Regulation is 1.5% over output voltage 
range of 9 to 14 V, with load currents up to 


—0 
250 mA.—Applications of the BFY50, BFY51 


and BFY52, Philips, Pub. Dept., Elcoma Div., 
Eindhoven, The Netherlands, No. 428, 1965. 


640 ELECTRONIC 
MDA942-3 or 
4(1N4002) RZ 
Tt 
R4 
Ag. | tk 
LINE Ww 


STANCOR 
P6469 


HIGH-POWER REGULATED = A-C 


SUPPLY— 
Output current depends on ratings of scr’s, 


and for those shown is 32 A (3.7 kW). Uses 
a«c phase control, with regulation for changes 
in line voltage. RI makes peak voltage in- 
crease as line voltage increases, thereby re~ 
tarding firing angle of ser’s and reducing 
voltage applied to load. RI can be adjusted 
to hold load voltage constant for given var- 
iation in line voltage. R2 determines output 
voltage. Size and cost are only one-tenth 
of comparable constant-voltage transformer 
and Variac.—T, P. Sylvan, The Unijunction 
Transistor Characteristics and Applications, 
General Electric, Syracuse, N.Y., No. 90.10, 
1965, p 79. 


ai 
D1 2N3792 


TA 
TRIAD F-67-U 


REGULATED 
VOLTAGE 
OuTPUT 


INI695 


SPRAGUE 
3iZ286 


1N1695 


R13 


TRIAD C~49-U 
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1-32 V D-C AT 700 MA—Use of series-pass 
regulators provides extremely good regula- 
tion, low ripple, and low output impedance, 
with excellent dynamic response. Can read- 
ily be adapted for remote voltage sensing, 
remote programming, and current-regulating 
or current-limiting applications. Overcurrent 
protection is provided by R2 and Q3.—G, V. 
Fay, Series-Pass Regulators, Electronics World, 
March 1969, p 48 and 78. 


INI695 


INI695 


©, . 
MR1121 4) 
AC LINE Bt os 
WueUrr 100 ae 1N4001 
2N4920 
p2 ae a2 
2202 c3 
MR1129 1 MF 
100 Vv | 
R14 
3.3k 
R32 1.6k c2 + REGULATED 
5 uF oc 
2N4410 8g 50 V OUTPUT 
NY) 3.3k 
c1 |+ Sk 
ee 03 ai) 470 pF | 1N4732 
IN3880 in series 
2500 uF 
c4 
R4 R6 
R14 
2 9.1k YY 
7 & 2502 
1) a4 TW 
mpse575| +} C5 
R5 25 uF R12 
1k 50 Vv 24k 
A - 


38-V D-C PWM SWITCHING PREREGULATOR 
~Uses voltage-sensing property of Schmitt 
trigger Q3-Q4 to provide drive for Darling~ 
ton series switch QI-Q2. With values shown, 


operating frequency is about 16.5 kHz and 
is essentially constant from no load to full 
load of S A. Output voltage drops only 


about 150 mV below 38 V at full load.— 
“Semiconductor Power Circuits Handbook,” 
Motorola, Phoenix, Ariz., 1968, p 3-21. 


REGULATED POWER SUPPLY CIRCUITS 


——} +35 V 


O +25 Vv 


1N4003 
1 (4) 
TRIAD 


R-2054 


1N4746 
(ev) 


———-© GND 


R20 
2k 


1N4746, 
(18 Vv) 


+C11 
25 ue 
s0V 


1965. 
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AUDIO AMPLIFIER TEST SUPPLY—Developed 
for testing 50-W audio amplifiers. Provides 
filtered but unregulated 35-V outputs of both 
polarities for output transistors and zener- 
regulated 25 V for input stages. Two 6.3-V 
windings are used as bucking voltages be- 
cause secondary voltage of transformer was 
too high. Both positive and negative sup~ 
plies should come on at same time, to pre- 
vent damage to transistors if power is ap- 
plied to only one side.—Semiconductor 
Power Circuits Handbook,” Motorola, Phoe- 
nix, Ariz., 1968, p 5—50. 


~O -25V 
2N3766 
——~0 -35 V 
RI lev 
WW ¢ Taso, 
too TRI Nom 
3 
10 
3 ko TR2 $ Re 
: 32 on 
kQ 
RS 
TRB 500 
ie) 
14-V ADJUSTABLE—Gives 2% regulation for 
output voltage range of 9.5 to 14 V d-c and 
up to 250 mA load. All transistors are  Sé0 i 
BFY52, diodes DI and D2 are BY100, and BF Rs. 
D3 is OAZ202.—Applications of the BFY50, K 03 a 
BFY51 and BFY52, Philips, Pub. Dept., Elcoma 
Div., Eindhoven, The Netherlands, No. 428, 
-o- + —o———O 
Out put 


ON/OFF 


(ie ree 


LN E 
BENCH SUPPLY FOR TRANSISTORS—Output is 
adjustable from 0 to 15 V dec at 0.5 A and 
partially stabilized, to meet requirements of 


* High cippie current type 


most transistor circuits. Cannot be damaged 
by accidental short-circuits, as long as trans- 
former secondary can supply 2.5 A.—"Voltage 


Regulator (Zener) Diodes,” Philips, Pub. Dept., 
Elcoma Div., Eindhoven, The Netherlands, p 
38. 
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O +164V 
REGULATED 
@ lOmA 


ZENER: ALLIED 2439358 (3, 9V) 


= O +160V 
1002 40 REGULATED i 
5W id @ 10mA timers. 
110 - 120 
VAC x 
oO 


OCOMMON 


T2-90-120 V,10A Variable 


Autrotransformer, Superior Type F236 


MOA942-3 or 


120-V A-C REGULATOR—Circuit holds voltage 
across ?2-ohm load within 2% of 120 V by 
regulating 90-V input to stepup transformer 
12. boad current is 10 A. Circuit has no 
feedback, but regulation is provided by 12. 
Q2 and Q3 are both pulsed at same time by 
ujt QT through T1, but only the one that is 
forward-biased by supply voltage at that 
instant turns on. R5 and R6 interact and 
may require several adjustments after load 
change or supply voltage change, to keep 
load voltage exactly at 120 V.—Semicon- 
ductor Power Circuits Handbook,” Motorola, 
Phoenix, Ariz., 1968, p 3—28. 


1N4003 (4) 


POWER 
SOURCE 


IN3639 (4) 


05 


1N5245 


2N2785+ 
DELTA 203 
HEAT SINK 


164-¥. NEON-REGULATED SUPPLY—Provides 
two stable voltages at low current, for ap- 
plications such as counters, oscillators, and 
Consists of half-wave voltage 
doubler, neon regulator, and zener diode.— 
W. G. Miller, “Using and Understanding Min- 
iature Neon Lamps,” H. W. Sams & Co., tndi- 
anapolis, Ind., 1969, p 80. 


Q3 
2N5170 


T2 


RLoao 
(129) 


5002 _|+ 


“TS 25V 


25yf 


REFERENCE AMPLIFIER WITH DARLINGTON— 
Change in 12-V output voltage is less that 
0.0001% for 10% change in a-c line voltage. 


Output current is 100 mA. 2N2785 Darling- 
ton is used as series regulator. R3 is ad- 
justed to optimize regulation. Output im- 
pedance is 0.03 ohm, while ripple and noise 


at full load are below 10 uwV.—T. P. Sylvan, 
An Integrated Reference Amplifier for Pre- 
cision Power Supplies, General Electric, Syra- 
cuse, N.Y., No. 90.15, 1963. 


REGULATED POWER SUPPLY CIRCUITS 


i ot : 
2 
3 
4: 
5 
Ry Eo 
(VOLT 
CONTROL) 
Rg 
St (MAX. 
VOLT. 
ADJ.) 
FY 
= Secs 
120 v 
60H 
. a —~O- 


CiC; = 500 microfarads, 25 volts, 


electrolytic 
C2 = 5000 microfarads, 25 volts, elec- 
trolytic 
C, = 100 microtarads, !0 volts, elec- 


trolytic 


CRiCR2CR.CR, = silicon rectifier, 
RCA SK3030 


ie) 
ba 
f) 


zener diode, 6.8 volts, | watt 


CRe¢ = zener diode, 12 volts, | watt 


F, = fuse, | ampere, 120 volts 
transistor, RCA SK3027 


tt 


Q 
Q:Q3 = transistor, RCA SK3020 


12-V VARIABLE-VOLTAGE—Full-range supply 
provides maximum of 1 A at any voltage up 
Regulator 


to 12 V, operating from asc line. 


MTV, 
60%, 


Hi7V: S2V CT 
% - ALTERNATE R-C SECTION OF 560% 
B 100 uf /25V. MAY BE USED. 


20-V D-C FOR TRANSISTOR STEREO AMPLI- 
FIER—Can handle two 50-W power ampli- 
fiers, Series regulator in output is optional. 
—50 Watt Audio Power Amplifier Design, 
Delco Radio, Kokomo, Ind., No. 36, 1967. 


Ri 
Ra 
Ra 
Ra 
Re 


Si 


Rs = 220ohms, 1/2 watt, 10% 

= 470 ohms, 1/2 watt, 10% 

6800 ohms, 1/2 watt, 10% 

= 10,000 ohms, | /2 watt, 10% 

Rs = trimmer potentiometer, 
5000 ohms, Mallory MTC-I 
or equivalent 

= potentiometer, 5000 ohms, fin- 

ear taper 

= switch, 120 volts, | ampere, 

single-pole, single-throw 

= transformer, primary 115 volts, 

secondary 15 volts, 1 ampere, 
Stancor No. TP-4 or equivalent 


il 


section uses two zeners connected in opposi- 
tion.—“Hobby Circuits Manual,” RCA, Harri- 
son, N.J., HM-90, p 54. 


wand 
Optional Regulator * 


+ 20V 


28V. 
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CURRENT VOLTAGE 
cat. MA v oe GND 
ep eumeeee Os |) =: 
199 8.2K 
Series 42 W 
REGULATOR, 


2MF cw 
30V i 
1200PF COMPARISON 


LS ak 


lov AMPLIFICR 


0~20 V AT 20 MA—Commercially available at 
$48 for single output or $87 for two identical 
units sharing common power transformer. 
Overload-indicator lamps glow brightly when 
output current appreciably exceeds full rated 
load of 200 mA. Output is continuously ad- 


Q; =.2N3638 
Qo = 2N4356 
Q3 = SE9060 
Q4= 2N3643 


10-V 1C SWITCHING REGULATOR—Two RTL 
AND gates, one used as differential amplifier 
and the other as astable mvbr, give load 
regulation of 0.2% from no load to 1 A for 
output of 10 V. Output ripple is less than 


20 mV p-p. 


Differential amplifier (at right) 
operates as error detector by sensing differ- 
ence between reference voltage set by R1-R2 
and output voltage tapped by R4. 
then produces error current from Q1 


Bev ASO 
vow 
justable down to zero, with negative-feedback 
regulator circuit maintaining constant voltage 
with low ripple at any setting, regardless of 
variations in load or a-¢ line voltage. —RCA 
Models WP-700A, WP-702A Power Supplies, 
Electronics World, March 1969, p 68-69. 


changes duty cycle of IC mvbr at left and 
series switch Q3.—M. English, Voltage Regu- 
lator Built From Two AND Gates, Electronics, 
Amplifier Dec. 23, 1968, p 57. 


that 


REGULATED POWER SUPPLY CIRCUITS 


10 V at 250 MA—Furnishes well-filtered and 
stable voltage, far any transistor circuit re- 
quiring 9 to 10 V. Article gives construction 
details. Parts values are: RI 1; R2 2.4; RB 
150; R4 200; C1-C2 500 uF; DI HEP154; D2 
HEP101; QI HEP230; Fl 0.25 A; Tl 117 


V:12.6 V Triad F-25X.—"Solid State Projects 
Manual,” Motorola, Phoenix, Ariz., 1968, p 
41—43, 


LOW-VOLTAGE NEON REGULATOR--18-V ref- 
erence is achieved at output by algebraic addi- 
tion of negative 100-V maintaining voltage of 
Regulator fea- 
tures common ground and is accurate over Q3 
range.—W. G. Miller, 
“Using and Understanding Miniature Neon 


VI to positive 82 V of V2. 


wide temperature 


+18 2 
2% REGULATED 
0-4mA 


32V 4 


645 


Or 


fo pnp 


68-69. 


Lamps,” H. W. Sams & Co., Indianapolis, Ind., 


1969, p 34. 


5 vac 


150¥ 


24 and 100 V WITH DIODE MULTIPLIERS— 
Can provide one output in range of 100 to 
200 V and another below 50 V with single 


2N 2552 


Dg 


iN1082 1N1082 


UTC H-70 
10h 9250 
transformer secondary. Each  capacitor~ 
diode multiplier boosts no-load d-c output of 


previous stage an amount equal to 1.4 times 


20 V AT 100 MA—Provides 0.5% regulation 
and short-circuit protection at parts cost under 
$10. To convert to negative supply, change 
both n-channel fet’s to p-channel and change 
transistor.—H, Wu, 
Power Supplies with FETs, EEE, Dec. 1968, p 


Designing 


~24dvde 
AT tomp 
2,5k 
1N3044B 
100v 
—100vd-c 
AT 8ma 


30-V rms voltage at transformer secondary.— 
M. E. Converse, Multiplier Stages Replace 
Power-Supply Transformer, Electronics, Dec. 
9, 1968, p 84. 
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DIGITAL COUNTER SUPPLIES—Isolation trans- 
former is used in 170-V supply, and 6.3-V 
3-A filament transformers in the 5-V supplies 
for precision 50-MHz CB frequency monitor. 
—F, E. Cody, A 50-MHz Digital Counter, Elec- 
tronics World, March 1969, p 40—42 and 61. 


Ry 
15k 
2w 


75-125 VAC 


12 V D-C FROM A-C LINE—Unused gate in 
Amelco 303CJ multiple-gate IC may be con- 
nected as shown to provide regulated 12 V 
dec for digital IC and reed relay. Other 
NAND or NOR gates could be used as well. 
Will provide up to 10 mA.—B, Horn, Spare IC 
Gate Serves as Regulator, FEE, Feb. 1970, p 


115~116. 
MDA942-3 or 
4(4N4002) 
v1 
ac 
LINE 


STANCOR 
P6469 


0 +12 Volt 
(350ma) 


12 Volt 
(12a) 
“i 
D: R, ” 
: TRs % 0 +120 Volt 
© +100 Volt 
o + 60 Valt 
DESK CALCULATOR SUPPLY—Report gives de- 
sign procedure for meeting power supply 
requirements for various types of small tran- 
sistorized calculators, with one circuit as ex- 
ample, Intended for operation from 220-V 
50-Hz line, but transformer winding data in 
report can readily be adjusted for 120-V op- 
eration. Provides 3% stabilization for 12-V 
outputs, and 8% stabilization for higher out- 
puts, Series regulators are used with zeners 
and voltage-dependent resistors in low-volt- 
age supplies.—A. P. Tanis, Design of Power 
Supply Units for Electronic Calculators, 
Philips, Pub, Dept., Elcoma Div., Eindhoven, 
The Netherlands, No. 833, 1967. 
+ 
REGULATED 
VOLTAGE 
OUTPUT 


32-V D-C WITH OVERCURRENT PROTECTION 
—Output voltage is adjustable over range 
of 11 to 32 V by R5, with overcurrent pro- 
tection provided by R2 and Q3. Circuit 


values were chosen to limit maximum current 
to about 700 mA, which means that voltage 
regulation is degraded for loads above 500 
mA at higher output voltages and above 600 


mA for outputs below 25 V.~Semiconductor 
Power Circuits Handbook,” Motorola, Phoe- 
nix, Ariz, 1968, p 3-12. 


{/4amp 


REGULATED POWER SUPPLY CIRCUITS 


12-V 500-MA CONTINUOUSLY VARIABLE— 
Ripple is below 1%, CB is circuit breaker 
used in tv receivers. Almost any lower-level 
pnp transistor can be substituted for the 2N- 
414.~M. $. Rifkin, Variable Low-Voltage 
Power Supply, Electronics World, Oct. 1967, 
p79 


Q; 
a SE9020 


$€9020 


INPUT 
120 —170v¥ 


Co 
¢, 200rf 
5000pf 
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2N2e69 
Q 


S.P ST. 


MT7V.AC, 


100 V D.C FROM A-C LINE~Modified bootstrap 
arrangement, with Fairchild .A709 opamp as 
control element, gives regulation better than 
0.01% for output adjustment range of 60 V 
below maximum, Power transistors are used. 
Article contains 13 other IC opamp applica- 
tion circuits. D1, D2, and D3 are zeners.— 
J. F. Gifford and M. Markkula, Linear IC‘s: 
Part 5, Ins and Outs of Op Amps, Electronics, 
Nov. 27, 1967, p 84—93. 


Vog=30rms 
Vp,255 rms 


UNMARKED DIODES CA210 


*MEASURED AT FULL LOAD 
{500 ma} 


0.130 V WITH ZENER—Developed to provide 
wide range of regulator voltages at maximum 
loading of 500 mA, for testing transistorized 
oscilloscope circuits during development. 1 


Db, AGUUSTED 
inis2za\ TO #4 


REFERENCE 
VOLTAGE 
BRANCH 


HOvd-c 4 


is filament transformer rated 6.3 V at 9 A, 


40 ma with 6.3 V winding replaced with No. 22 wire 
100ma 41] to give taps at 11, 22, and 32 V.—B. M. 

Wajer, Zener Power Supply Answers Current 
500ma 9,2 Problem, Electronics, Jan. 22, 1968, p 71~72. 
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DIFFERENTIAL LOW-VOLTAGE REFERENCE— +17V MAX 
Output voltage is difference between main- 6&V ADJUST 
taining voltages of neon lamps at points A 
and B.~-W. G. Miller, “Using and Understand- 
ing Miniature Neon Lamps,” H. W. Sams & 
Co., Indianapolis, Ind., 1969, p 32. 

OUT 


30 AND 50 V D-C FOR TRANSISTOR STEREO 
Provides unregulated balanced 50-V, plus 30- 
V regulated, for handling both 80-W channels 
of all-transistor stereo system, Regulator is 
series-type using zener for reference.—160 
Watt Stereo Audio Power Amplifier Design, 
Delco Radio, Kokomo, Ind., No. 35, 1968. 


—~) 
(-2kO+10% 
1 
iw 
4 4 
c 
oUF +570V 
SOV 


: 3 
B2KNES 
iow Dg 


COUNTER SUPPLY—Provides regulated 270 V 
and two unregulated voltages for decade 
counter tube chain. Can be operated from 
120 V a-c line by using appropriate power 
transformer. Uses Z806W gas trigger tube 
as voltage regulator.—G. F. Jaynes and S. 
Zilkha, Trigger Tube Coupling Circuits for the 
Z504S Stepping Tube, Philips, Pub. Dept., El- 
coma Div., Eindhoven, The Netherlands, No. 
15, 1965, p 16—25. 


220KN 47% 
tat xc 
iw 


o7 
K3/10 5 NEON, 


ov 


REGULATED POWER SUPPLY CIRCUITS 


25.2 VCT 


7-15 V WITH OVERLOAD PROTECTION—Uses 
one pnp and two npn transistors with other 
inexpensive components. Overload cutout 
current increases with output voltage setting 
of R2. Choose QI to withstand full d-c in- 
put voltage under short-circuit conditions.— 
W. F. McCarthy, Regulator Power Supply Im- 
proves Overload Protection, Electronic Design, 
Sept. 14, 1964, p 71. 


0--400 V SUPPLY—Uses four subminiature neon 
voltage regulators as reference. Bias is 0~ 
100 V and output impedance is less than 10 
ohms.—E. Bauman, “Applications of Neon 
Lamps and Gas Discharge Tubes,” Signalite, 
Neptune, N.J., p 90. 


Dy 


TYPE IN3193 


D2 


TYPE IN3193 


TYPE 
IN3I93 


D4 
TYPE 
IN3I93 


r 100 pH 
Ry Re 50K MTz| 92 acy 
68K R3 Q 40429 
1W 22k SILICON Re 
2w BILATERAL R ; lak 
" SWITCH Me > 2 
4 
MT, 
{ 
120V 
60 Hz 
Re Cy 
51K 0 22pF 75 
Ly 200V 
cd ro Dg 06 
Onl pF Our TYPE TYPE 
200Vv 200¥ 2p : IN3I93 IN3193 Ry 
vy Ce 15K 
400 To 22 pF V2w 
mw 200V 
o ~o— —s — + + re 


STABLE D-C SUPPLY—Power supply section 
uses full-wave bridge with R-C filter fo pro- 
vide d-c voltage of about 6 V. Regulator 
on primary side of line transformer TI? is 
phase-controlled triae with rfi suppression 


network. Voltage across 10-ohm load varies 
less than 2% for 20% change up or down 
in line voltage.—G. J. Granieri, AC Voltage 
Regulators Using Thyristors, RCA, Harrison, 
N.J., No, AN-3886, 1969. 
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0-400 REG 
0-180 MA 
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F, C NO TRANSFORMER—Series capacitor C1 pro- 
+ vides voltage-producing function of trans- 

former to save space and reduce cost of 

low-voltage d-c power supply using full-wave 

bridge-rectifier circuit with conventional se- 
sv REGULATED ries voltage regulator Q1. Ideal for battery 
RMS OUTPUT chargers. Value of C1 is chosen to give de= 
sired rectifier output voltage, and VR1 is 
selected for desired regulated output. Other 
components are conventional power supply 
sizes and are not critical.—A. T, Crane, Ca- 
pacitor Replaces Transformer in Low Voltage 
Power Supply, Electronic Design, April 12, 
1965, p 57. 


110 Vere 
iL ] 
1500 ye 
+275 ay 
14001 wes 
0~250 V D-C AT 0.) A—Uses Motorola MC- = 
1566 IC high-voltage regulator to provide 


complete voltage regulation right up to limit. 
ing current.—D. Kesner, Voltage Regulators— 
Qld und New, “State-of-the-Art—Linears in 
Action,” Motorola, Phoenix, Ariz., 1969, p 
14~20, 


O+50V 


O7 
IN4003 


cle 
Tt 


Ed 


H7V AC, 


O +12V 


on fol} 
HEA GROUND Reta COMMON == 


REGULATED 12, 44, and 50 V—Uses conven- for reference, while Q?2 and Q13 provide —M. Chan, Transistor Curve Tracer, Flectronies 
tional voltage doubler with readily available series-shunt regulation that minimizes ripple. World, Jan. 1968, p 55-58, 60, and 66. 
power transformer. Zener 09 provides 12 V Designed for use with transistor curve tracer. 
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TH 1N3194 
OUTPUT 


4N31914 


i eile harreelue tonto a for Per with  hibitive. Regulation is fair; for input range regulation.—P. Volkov, Inexpensive SCR 
Wisnel couciatcs ch cost of conven- of 95 to 130 V, dec output range is 11 to Regulator For Consumer Equipment, Electron~ 
gulated power supply would be pro- 12.5 V for outputs up to 0.3 A, after which ics, Feb. 5, 1968, p 88-89. 
transformer gradually saturates and impairs 


120 VAC 


CRI 
IN 1696 (16) 


450 and 800 V TRANSMITTER SUPPLY—Silicon + 

rectifiers eliminate 30-s warmup of mercury- oe 

vapor rectifiers formerly used in amateur yy HIGH VOLTAGE 25 WATTS 

radio transmitter supplies. Circyit shown +e00y 

handles typical 100-W transmitter. Gives + 1€ = > 

800 V at 175 mA intermittent duty with 16% C3 

load regulation and 1% ripple. Other out- 353] one. 

put is 450 V at 25 mA, with 0.02% ripple, N 

for preamp and oscillator circuits. T1 is 4 4 

Stancor PC8412 or equivalent 200-mA trans- Sout 600V 

former having 800 V_ secondary.—’’Hobby 4 

Manual,” General Electric, Owensboro, Ky., hae if 

1965, p 182. V2 +450v Two 220K, 2 WATT ) Saoue 
RESISTORS IN PARALLEL 


Jes? 


MDAIS 91-2 


Q 


2 


2 
{100 nf N1483 


TRANSISTOR BLEEDER—Replacement of con- 
ventional bleeder resistor in choke-input filter - = = 2 

with transistor improves efficiency, QT draws 0.47 
520 mA at no load, just above critical value 
at which choke loses filtering capability. At 


full load of 3 A, bleeder transistor current is places Bleeder and Regulates Power Supply, 
‘negligible.—C. K. Fitzsimmons, Transistor Re~ Electronics, Jan. 22, 1968, p 70-71. 
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12V ems, 


217X300 


240V 
SOHz 


VV 35mA 


LOW-RIPPLE 12 V AT 35 MA—With values 
shown, ripple in 12-V output is only about 
15 mV p-p.—E-Lline Transistor Applications, 
Ferranti Ltd., Oldham, Lancs., England, 1969, 
p 47. 


To 
eee a 
2 
3 
4 
5 
6 Eo 
7? Rq 
‘ jeairer, 
i) 
_ ® Rs 
Ais 
VOLT 
ADy ) 
120 
60 Hz O- 
C, = $000 microfarads, 25 volts, elec- R2z = 10,000 ohms, | watt, 10% 
trolytic Rs; Rs = trimmer potentiometer, 
C2 = 100 microfarads, 6 volts, electro- 5000 ohms, Mallory MTC-1 
lytic or equivalent 
CR:CRz2 = silicon rectifier, RCA Ry, = potentiometer, 5000 ohms, lin- 
SK3030 ear tape: 
CR, = zener diode, 3.9 volts, 1/2 S: = switch, 120 volts, 1 ampere, sin- 
watt gle-pole, single-throw 
F, = fuse, | ampere, §20 volts T, = transformer, primary 115 volts, 


Q: = transistor, RCA SK3027 
Q:Q3 = transistor, RCA SK3020 
Ri = 6800 ohms, 1/2 watt, 10% 
4.5 TO 12 V AT 1 A—Provides limited range 
of adjustment for outpyt voltage. Regula- 
tion is provided by series transistor QI, with 


secondary 15 volts, | ampere, 
Stancor No. TP-4 or equivalent 


zener serving as voltage reference for con- 
trol transistors Q2 and Q3.—"Hobby Circuits 
Manual,” RCA, Harrison, N.J., HM-90, p 53. 


TRIAO F40X 
oO 
(N4003 - + 
OOF ——— (sv 
Tv ty 
IN4003 
ie 
TOP ViEW 
BAG 
1a 
S00 pF a+ 3 ik 
50V 
0.1 TAB THERMALLY HEAT SiNKED \, 
200V. BUT NOT GROUNDED ELECTRICALLY a 
(N47 35 47 pF ax 
(MOTOROLA) I5V com. 
—~—t——-—O) 


AUDIO {IC AS SERIES REGULATOR—Inexpen- 
sive 1-W PA234 IC audio amplifier con- 
nected as shown provides regulated 15 V at 


up to several hundred mA, at lower cost than 
discrete components. Output impedance is 


about 2.5 ohms.—H. D. Olson, Inexpensive 
Audio IC Serves as Regulator, Electronic De- 
sign, Nov. 8, 1969, p 101. 


REGULATED POWER SUPPLY CIRCUITS 


H7Vv SI TI 
60% 


6.3V 


12 V AT 0.5 A—Two-transistor shunt regulator 
and 12-V reference battery provide 0.25% 
regulation. Battery current drain is neg- 
ligible. @Q1 must be able to dissipate same 
power as load.—R. Selleck, Transistor Shunt 
Regulator Improves Voltage Control, Flec~ 


250 V WITH COMPACTRON—R4 permits ad- 
justing regulated output from 150 V at 40 
mA to 250 V at 60 mA. Penfode section of 
6JZ8 compactron is in load circuit as series 
regulator, with triode section controlling grid 
bias of pentode. Intended for small receiv- 
ers and converters. Diodes are 1N1696. 
Other values are: 1] 8-H 75-mA Stancor 
C1355; Tl Stancor PC8419 with 63 V 3 A 
and 480 V CT 70 mA secondaries; RI 2.2 
meg; R2-R4 1 meg; R5 470K.~“Hobby Man- 
val,” General Electric, Owensboro, Ky., 1965, 
p 187. 
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tronic Design, June 8, 1964, p 73-74, 


MAGNETIC-RESONANCE CURRENT-LIMITING— 
With xener diodes in bridge-rectifier power 
supply, regulating-current drain of diodes is 
limited by saturation of power supply. 
Transformer then acts as inductance between 
its primary and secondary, and this in turn 


forms low-Q series resonant circuit with ca- 
Pacitor in primary, to limit current flow. 
With circuit shown, load current remains 
above about 250 mA until output voltage 
reaches 16 V, after which current drops rap- 
idly and reaches zero at about 17 V. Article 


Da 


f 33¥ 
4N2980 1 . 


ry fF 


~ ~ 
iN mes 


gives design equation. Peak-clipping action 
makes output voltage easy to filter—O, A. 
Horna, Magnetic Resonance Limits Zener 
Diode Current, Electronics, Dec. 11, 1967, p 
97-98. 


NOTE: To locate additional circuits in the category of this chapter, use the index at the back 
of this book. Check also the author's “Sourcebook of Electronic Circuits, published by 


McGraw-Hill in 1968. 


CHAPTER 71 
Regulator Circuits 


as 3 


2N321 
Mes CONSTANT 
1N2972 | CURRENT 
1N2972, D 
risk ‘ 
2N1826 vit 
—} O 
| Ry 4 
2N1826 q, 1() 1 
Ry 
2.7K 
Q3 
Mee 
VOLTAGE . 
ae. CONTROL 
UNREGULATED 
INPUT 


5OV + 25. 


INPUT 
28v d-c 
FROM 
FULL 
WAVE 
RECTIFIER 


TRANSFORMER 
CENTER TAP 


2.7-V REPLACEMENT FOR MERCURY CELL— 
Gives 0.01% regulation from 28-V d-c line 
and load regulation of 1%, at parts cost 
under $7, Zener diode D2 in regulator boosts 


654 


Q, 
2N3565 


100 V AT 4 A—Holds d-c output constant 
within 0.2 V for maximum load variation and 
25 V swing in unregulated 150-V_ input. 
Paralleled series-regulator transistors are used 
in design to stay well within safe-area rat- 
ings. Three 5-V zeners in series give better 
temperature coefficient than 15-V zener. Pre- 
regulator Q6 supplies constant current to dif- 
ferential amplifier and driver, to help elimi~ 
nate ripple current.—'Silicon Power Transistor 
Handbook,” Westinghouse, Youngwood, Pa., 
p 6-19, 


500 


IN457A 


Dg 


IN457A 


operating voltage of amplifier that detects 


voltage differences. Di merely acts with 
R1 to establish constant voltage source at 
junction with R2, making Q1 less susceptible 


~2.7V¥ 


INSS7A'T output 


to input line variations.—E. Luttrell, Low Volt- 
age Supply Produces Good Regulation at Low 
Cost, Electronics, Jan, 23, 1967, p 91. 


SWITCHING-MODE REGULATOR—Uses ser in 
commutating circuit, Output voltage is com- 
pared with voltage across reference diode 
and difference used to control current flow 
into frequency control section of ujt oscillator 
whose pulses trigger scr on. Frequency of 
ujt thus controls output voltage. Article de- 
scribes operation in detail and gives design 
equations.—R. T. Windecker, Which Device for 
High-Power Switching?, Electronic Design, 
Sept. 14, 1964, p 64—69. 


INPUT OUTPUT 


IC REGULATOR FOR LOGIC SUPPLY—Requires 
only three connections to provide regulation 
and thermal overload protection for standard 
5-V digital logic power supply. Gives output 
currents over 1 A.—Adjustable-Output Regu- 
lator (National Semiconductor ad), Electronic 
News, June 8, 1970, p 11. 


30-VOLT UNREGULATED SUPPLY 


OPAMP REGULATES AND PROTECTS—Shunt 
regulator Q1 drives Fairchild 1C operational 
amplifier, with zener D1 serving as voltage 


reference. Pl adjusts opamp gain, thereby 
changing output voltage over range of 6 
to 25 V. At 15 V, load current can vary from 
0 to 60 mA with little effect on voltage. 
Short-circuit current is limited to 120 mA. 
External low-power zeners provide 15-V 
supply voltages for IC.—R. D. Guyton, 1C Op- 
erational Amplifier Makes Supply Short-Circuit 
Proof, Electronics, Sept. 18, 1967, p 106. 
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10mh 
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RL @o=26V 


memes 3 


TRANSISTORS 2NI308 

UNIJUNTION 2N494 

SCR 2N683A 

* MAGNETICS INC S!00i~2A ORTHONOL CORE No.l4 WIRE 
* * FERRAMIC O3 TYPE SOt ON PRIMARY 


50t ON SECONDARY 


°. 
+30¥ UNSTABLIZED 
(433 10 #26v) 


TR 
27x 300) 


tm, 
2N505S 


set aa 


CURRENT 
LIMIT 


note: 

Ry COMPRISES THE 
WHOLE OF THE VOLTAGE 
SELECTOR SWITCH. 


+ -O 
T + 
' 
poet 
OUTPUT O=Z0v 
O= 108 
ALL (000 i%e 
+ o 


4 


Thy 
211x300 


20 


TRs 
774300 


As 
Tay CAMB RATE 
300n 


~43N 


-3ov 


20 V ADJUSTABLE AT 1 A—Provides current. 
limiting overload protection. Report gives 
design procedure. R6 changes stabilized out. 
put voltage in increments of 1 V within 2%.— 
“E-Line Transistor Applications,” Ferranti Ltd., 
Oldham, Lancs., England, 1969, p 37. 
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COMMON-REFERENCE OUAL REGULATOR— 
-Eo = ~6.2(R1/R2) Provides two voltages having different values 
and opposite polarities, regulated by means 
FEO = +6.2(14R3/R4) of one zener diode, Voltage values are de« 
termined by resistor values.—Applying the 
Model 8100 Monolithic Voltage Regulator, 
Optical Electronics, Tucson, Ariz., No, 10141. 


+304 
ed Bes 
3.4 AT 25°C 
40.43% 19°C 
Zo=21 OHMS 
dy seeeee 
Rs 2nz2z 
5.6K 
SENSISTOR 
3.3K 
SENSISTOR 

Rs OUTPUT 
eno [> 10K fom 

TEMPERATURE COMPENSATION-—Uses sensis« IC VOLTAGE-LOWERING REGULATOR—Uses 

tors to temperature-stabilize voltage at which Fairchild ~A709 opamp operating at unity 

ranges are changed an count-rate meter. gain, with its input tapped across zener ref- 

Output of 3.4 V is adjustable, Temperature erence D1, Q2 provides surge protection. 

pion < 
coefficient is +0.43%.—S, Thomas, N-Decade Article contains 13 other tC opamp applica- 
Count-Rate Meter, Electronic Design, March tion circuits—J, F. Gifford and M. Markkula, 


15, 1965, p 34-39. Linear IC‘s: Part 5, Ins and Outs of Op Amps, 


Electronics, Nov. 27, 1967, p 84-93, 


TYPE 
2N3053 


(- (ir {7 
i) <e TYPE @ c) 
TYPE TYPE asin Ss Se STEP-DOWN SWITCHING REGULATOR—Can be 


2N3053/ 2N3440 TYPE 0 


100 pF N26 AY 9 5 my ony: used as d-c step-down transformer for ob- 

20KS. TYPE C taining low d-c voltage from a-c line. Input 

IN286IA, 50nF. SHIGA to regulator is 100 V d-c obtained from line 

i ite. dls 75 vy - 820 through rectifier, and output is 60 V d-c for 
Pe = = = = loads up to 1 A.—*Silicon Power Circuits 


ode Manual,” RCA, Harrison, N.J., SP-51, p 225. 


O +20 to +40 Volts 


+15 V 


POSITIVE SWITCHING REGULATOR—Output 
valtage is equal to 99% of reference voltage. 
Small amount of positive feedback causes 
regulator to switch. Average voltage across 
output smoothing capacitor is sensed and 
used to govern output voltage level and 
switching activity of 8100.—Applying the 
Model 8100 Monolithic Voltage Regulator, 
Optical Electronics, Tucson, Ariz., No, 10141, 


REGULATOR CIRCUITS 


T1 

CORE: ARNOLD #4T 5340 D1 DD1 
PRIMARY 125 TURNS AWG 36 
SEC #1 125 TURNS AWG 36 
SEC #2 125 TURNS AWG 36 
TRIFILAR WOUND 


OUTBOARD-ENGINE ALTERNATOR REGULA- 
TOR—Controls 15-A d-c charging current to 
storage battery by shorting output of p-m 
alternator field when baftery is charged, 
when scr’s are triggered by voltage-sensitive 
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+ 
BATTERY 


ujt circuit. Shorting output does not appre 
ciably increase maximum output current of 
alternator. Serves to protect bridge recti- 
fiers against high-voltage stress otherwise 
occurring if alternator circuit were opened.— 
“Zener Diode Hartdbook,” Motorola, Phoe- 
nix, Ariz., 1967, p 8-8. 


TR, 
ASZI6 
ALT. 
V,=18tav Vo#l2V OUT 
azvas-Ci2 
a MCR 1304-2 
SERIES TRANSISTOR WITH ZENER~Provides 2N3480 
essentially constant output of 12 V d-c at 250 Ta 
mA far input of 16 to 20 V dec. Book gives 


design equations.—“Voltage Regulator (Zener) 
Diodes,” Philips, Pub. Dept., Elcoma Div., 
Bindhoven, The Netherlands, p 35. 


BATTERY 


CORE: ARNOLD #4T 5340D1 DD1 


PRIMARY 125 TURNS AWG 36 OUTBOARD-ENGINE ALTERNATOR REGULA~ 
SEC #1 125 TURNS AWG 36 TOR—Designed for alternators having perma- 
SEC #2 125 TURNS AWG 36 nent-magnet fields. Regulates 15«A. charging 


current for battery by shorting output of al- 
when triggered by ujt voltage- 
sensing circuit. With most alternators, short- 
ing does not appreciably increase output cur~ 
rent, Avoids damaging bridge rectifiers with 
inductive voltage spikes that would occur if 
output circuit were opened.—“Circuits Man- 
val,” Motorola, Phoenix, Ariz.,, 1965, p 84.3. 


{TRIFILAR WOUND 


ternator 


ae | 
22-30 V SERIES REGULATOR—Uses three par- 

* 2 . . . 
alleled transistors in series with load to hold 
bc aoy he output voltage constant by varying load cur- 
pc OUTPUT rent. Reference is zener CR connected with 
= CN reverse bias. Gives fine regulation within 
oc 1% and load regulation within 0.5%. RY 


varies output voltage. Values: RI 1.2K; R2, 
R4, R6 0.1; R3 2K; R5 570; R7 270; RB, R10 
IK; R9 IK pot; Cl 1 uF; C2 100 uF; CR 12-V 
zener.—"Transistor Manual,” RCA, Harrison, 
NJ, SC-13, p 515. 
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"|HEATER shy 


«x Q2 + 
TYPE 
2N3228 


Ry. oy 


LICOl 
UNILATERAL 
SWITCH 


004 7uF 
200V |, 


e 
SPRAGUE 3 


We 


NotlZ12 22V 410% 


O.56yF Cy 
TYPE IN3I193) 200 V ONS uF 


200 V 


* IN THE CLOSED-LOOP REGULATOR Rg IS REPLACED BY A 

PHOTOCELL RCA $Q2520 AND A POTENTIOMETER 

IN SERIES WITH A 6-VOLT INCANDESCENT LAMP (S 

CONNECTED IN PARALLEL WITH THE HEATER TERMINALS a 

NOTE: ALL RESISTOR VALUES ARE IN OHMS = 
CONSTANT LAMP VOLTAGE—Used to maintain COMPLEMENTARY CONSTANT ~ CURRENT 
constant voltage across heater of tube or fila- SOURCE—Highly stable constant-current sowrce 
ment of incandescent lamp. Full voltage is provides stabilized 6.5 V d-c output across 
applied for one half-cycle through D4, while load for input voltage as low as 18.5 V.— 
other half-cycle is phase-controlled by scr High-Stability Reference Diodes BZX47 Family, 
to provide regulation. Circuit is open-loop Philips, Pub, Dept., Eleoma Div., Eindhoven, 
regulator with built-in protection against open The Netherlands, No, 331, 1968. 
or short-circuited component, Q1 has thy~ 
ristor characteristics approximating those of 
ideal four-layer diode, switching at about 8 
V.~G. J. Granieri, AC Voltage Regulators 
Using Thyristors, RCA, Harrison, N.J., Appli- 
cation Note AN-3886, 1969, 


ALTERNATOR 


sas OUTPUT 


MR322 
BIAS DIODE 


t+Eg 10092 
4 
2N3714 


2N1192 


2N1539 


TO ALTERNATOR 


me FIELD COIL 


0.05 wf IN2609 
FEEDBACK FIELD 
302 CAPACITOR SUPPRESSION 


DIODE 


* THE VALUE OF Rp DEPENDS ON THE SLOPE OF THE VOLTAGE REGULATION 
VERSUS TEMPERATURE CURVE. 


ALTERNATOR VOLTAGE REGULATOR—Moni- 


POSITIVE AND NEGATIVE VOLTAGES—Shunt 
regulator can provide any combination of 
positive and negative output voltages whose 
sum is equal to output of single regulated 
supply. Differential amplifier @1-Q2 com- 
pares ground reference (formed by R2-R3- 
R4)} to ground. Table gives values of com- 
ponents for two combinations of input and 
output voltages—A. J. Mayle, Shunt Regula- 
tor Provides Dual Output Voltages, Electron- 
ics, Oct. 14, 1968, p 121-122. 


tors battery voltage level, allowing charging 
current to flow from alternator when battery 
voltage is low, and switching off charging 
current when battery is fully charged. Uses 
1N2609 diode across alternator field to pre- 
vent buildup of high induced voltage when 
coil current is interrupted. Switching action 
occurs many times per second, to keep bat. 
tery fully charged at all times.—’Zener Diode 
Handbook,” Motorola, Phoenix, Ariz., 1967, 
p 8-4. 


B+ 
100 


15 


30 


MISTOR 


15 V AT 40 MA—Gives about 1% regulation. 
Developed from design equations given in 
report, covering transistorized regulators hav- 
ing various degrees of complexity, for output 
voltages of 2 to 30 V.—J. G, Rogers, Simple, 
Inexpensive Low-Voltage Regulators, NBS 
Technical Note 371, National Bureau of Stand- 
ards, Washington, D,C,, 1968. 


Vin 2N4921 , 
2200 pF ae 
RL 
ERROR-SENSING OPAMP-—Motorola opamp 


Compares output voltage of power supply 
with zener reference voltage and adjusts cur- 
rent through series-pass transistor accordingly. 
Opamp derives its own operating power from 
input voltage. Load regulation is better than 
9.1% for currents up to 300 mA.—K. Huehne, 
The Continuing Dominance of the Operational 
Amplifier, “State-of«the-Art—Linears in Ac« 
tion,” Motorola, Phoenix, Ariz, 1969, p 5~13. 


REGULATOR CIRCUITS 


ALTERNATOR 
OUTPUT 


MR322 
BIAS DIODE 


2N1i192 


2N1539 

TO ALTERNA- 
TOR FIELD 
colL 


FEEDBACK 
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ALTERNATOR VOLTAGE REGULATOR—Used fo 
control charging rate of auto storage battery. 
Switching action occurs many times per sec« 
otid, to keep battery charge essentially con- 
stant at maximum value for optimum opera- 
tion. Choice of thermistor resistance depends 
on slope of curve for voltage regulation vs 


2 
CAPACITOR ace temperature.—“Circuits Manual,’ Motorola, 
SUPPRESSION Phoenix, Ariz., 1965, p 8-3-2. 
DIODE 
HEAT 
ahs Vo 18 VOLTS 
lo 40ma 
viN |g, TIP 24 7 
600 1+ 
2sv |~ 
o——0- 
- SUNN 
VIN 
+ 
2NeTH ane7i 
Eat 
oie 
= WIREWOUND 


7O AVOID SPURIOUS OSCILLATIONS, 
$1 MAY BE NECESSARY TO CONNECT THE 
WIPER OF THIS POT THRU .03 af TO GROUND 


PWM SWITCHING REGULATOR—With de-c in- 
put varying 25 V above and below 250 V, 
output is constant at 200 V within fraction 
of volt for 2-A load current. Efficiency varies 
with power output, in range of 80% to 92%. 
Differential amplifier Q2-Q3 senses propor 
tional amount of ripple present in output, 
compares it with reference zener, and de- 


-16V 

livers error signal to trigger Q4-Q5 for turn- 
ing series transistor QT on or off in accord. 
ance with load requirements. Off and on 
times of Schmitt trigger change with load, as 
also does switching frequency, to give pulse 
width modulation.—Pulse Width Modulated 
Switching Regulator, Delco Radio, Kokomo, 
Ind., No, 39, 1967. 
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SWITCHING REGULATOR—Self-oscillating  cir- 
cuit using 1C voltage regulator serves as effi- 
cient switching regulator.—D. Kesner, Voltage 
Regulators~Old and New, ”State-of-the-Art— 
linears in Action,” Motorola, Phoenix, Ariz., 
1969, p 14-20. 


, TYPE 
2N4036 


+40V0O 


UNREGU 


-oO 

24-V D-C SWITCHING VOLTAGE REGULATOR— 
Output is held within 1% of 24 V for load 
currents of 100 mA to 2 mA and for supply 
voltage changes of 10% above and below 
40 V d-c. Power switching transistor Q1 is 
controlled by feedback winding of T! and 


2N3791 


(+28 vy 


$6 


27 


100-V 0,3-A SERIES-REGULATED—Book gives 
complete design procedure for circuit operat- 
ing from 150-V d-c input and using 8.2-V 
teference supply.—“Silicon Power Circuits 
Manual,” RCA, Harrison, N.J., SP-51, p 215. 


Your 


PAS 


2N3440 


UNREGULATEO INPUT VOLTAGE 
WITH Rj #100 


1k 
2N22194 


R6 


Tl — FERROX CUBE POT CORE 
3622P-3E; 100 T PRIMARY 
18 T SECONDARY 


1N3879 
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—— 
== 


MC1560R 


ile 


uf 


LONG-LINE COMPENSATION—Used to over- 
come poor regulation in system having re- 
mote sensing of many physically scattered 
loads. Insertion of small amount of positive 
feedback into 1C regulator causes voltage to 
increuse in proportion to increasing load cur- 
rent.—Applying the Model 8100 Monolithic 
Voltage Regulator, Optical Electronics, Tucson, 
Ariz., No. 10141, 


100 T 


O +24 Vv 


REGULATED 
OUTPUT 
VOLTAGE 


cs [4 
2000 we 


transistors 


Q2-Q4. Q3 and Q4 serve as 
differential voltage comparator with zener 
DI, Maximum frequency of blocking oscil- 
later action is 6 kHz. at highest input voltages. 
—"Semiconductor Power Circuits Handbook,” 
Motorola, Phoenix, Ariz., 1968, p 3~15. 


REGULATOR CIRCUITS 


PROPORTIONAL VOLTAGE REGULATOR—Pro- 
vides 12 V at 2 A while d-c input varies as 
much as 15% in either direction from 17 V. 
Voltage proportional to output is compared 
to that of reference diode CR4, differential 
signal is amplified by Q3, and resulting out- 
put is used to contro! current through series 
transistor Q1 in such a way that voltage 
across load remains constant. Best suited 
for applications requiring very low internal 
impedance to a-c load currents.—Pulse Width 
Modulated Voltage Regulator, Delco Radio, 
Kokomo, Ind., No. 9B, 1965. 


Cc 
ats IN3491 


{7 VOLTS 
rts” 


+9 tol} 


que 


Q1-2N3715 


5.6¥ (NO 
1N752A 


M) 


Ry 
200.0. 


+5 (NOM) 
OUT 


REMOTE 
SENSING 


R2 
220 


2N3215 
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12V-2 AMP 


It 


Gy 
2000 
pF 


5 V FOR HIGH-CURRENT LOGIC—High-power 
pass transistor Q1 permits handling large 
In- 


currents up to limits of heat sink used, 
cludes short-circuit protection and connection 
for remote sensing of output voltage. 
cation of Rs ahead of control loop damps 
supply impedance and improves stability.— 
R. C. Sanford, ‘Perfect’ Regulator Satisfies 
Logic Circuits, EDN, Dec. 15, 1969, p 51~53. 


Lo~ 


500-W A-C LINE VOLTAGE REGULATOR— 
Holds a-c output voltage within 2% of 120 
V for a-c input line voltage range of 90~140 
V. Uses phase-controlled triac Q2 to adjust 
voltage applied to output transformer. Con- 
trol circuit is basic ramp-and-pedestal type 


for scr. Article gives adjustment procedure 

and load options. Some types of a-c motors RI = 5K OHMS. RS 

may not function properly on output because RZ = 500 OHMS RE 

of its harmonic content.—S. Zimmer, 500 Watt R3 = 3.3K OHMS = R? 
R4 = iOK OHMS RB 


AC Line Voltage and Power Regulator, Gen- 
eral Electric, Syracuse, N.Y., No. 201.12, 1965. 


= 4.7M OWMS*® DI ,02 06 *GE-Z4XL20 Cl =200pf,10V 
# 1K OHMS 03,04) ALL Q) = GE-2N2646 C2* yt 
+ 100 OHMS 06,07 | AZ OR 2s GE-TRIAC scale C3. ivf 
= 100 OHMS 08 SCRI = GE-C6U,CIO6Y2 CAs yt 
L& l00uH 


Tl = PULSE TRANSFORMER, SPRAGUE NO.1iZI2 
T2= 24 VOLTS CT 300mA, KNIGHT #612476 


T3 = SEE DESCRIPTION OF FIG. NO.) IN TEXT 


* FOR ADJUSTABLE GAIN, USE VARIABLE RESISTOR 


HERE. 
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Reo 


mt 2N3O55 


NPN CURRENT BOOSTER—Uses Motorola IC 
voltage regulator with npn transistor to boost 
maximum output current available at regu- 
lated output voltage above 500-mA rating for 
IC alone. Input voltage is 20 V.—D. Kesner, 
Voltage Regulators—Old and New, “‘State-of- 10 
the-Art—Linears in Action,’ Motorola, Phoenix, 

Ariz., 1969, p 14-20. 


§1 
1N4002 


MC1560R 


Cy Cy 


0.1 AFAR 0.1 uF AR 100 pF AS 
len = wDiode | OSV 
SCT Rgp 0.12.2 
Igo 2 5A 
CR; Qy ul i 
+ IN3491 12V=2 AMP SWITCHING VOLTAGE REGULATOR~Gives 


efficiencies as high as 80%, even when dec 
input voltage is several times larger than 
d-c output voltage. @Q2-Q3 form free-running 
mvbr whose duty cycle is function of current 
flowing into base of Q2. Mvbr turns Q1 
on and off in such a manner as to keep volt- 
age across load constant. Report gives de- 
sign criteria, Operates satisfactorily only 
when ripple in source and load voltages is 
at frequency substantially below switching 
frequency of regulator.—Pulse Width Modu- 
lated Voltage Regulator, Delco Radio, Ko~ 
komo, Ind., No. 9B, 1965. 


2N1I49 Ro 
Q2 2000 
I7VE 15% 


INZ00.WWe 


+30¥ 
E=20VDC 
UNREGULATED 


2N2034 


OUTPUT 
10-25y, 
100mA 


= IC VOLTAGE-RAISING REGULATOR—Operates 
stability from single positive supply, using Fairchild 


SHORT-CIRCUIT 


STABLE—Provides 


over wide temperature range, with no more 
components than for non-short-circuit-stable 


voltage regulator. Regulation from no load 
to 180 mA is 0.7%. Regulation for 15% 
change in unregulated 20-V supply is also 
0.7%. Article gives design equations.—R. L. 
Moser, Self-starting Voltage Regulator is 
Short-circuit Stable, Electronic Design, Feb. 15, 
1965, p 79-81. 


#A709 opamp, and delivers precisely regu- 
lated output voltage above that of tempera- 
ture-dependent zener reference D1. Q2 pro- 
vides surge protection when output exceeds 
100 mA. Article contains 13 other IC opamp 
application circuits—J. F. Gifford and M. 
Markkula, Linear IC’s: Part 5, Ins and Outs 
of Op Amps, Electronics, Nov. 27, 1967, p 
84~93. 


REGULATOR CIRCUITS 


a) 
Clo6B! 


105-(30V 
60 Hz, 


LAMP 
(Sow 
108V 
V2 ~SOLID 
Pe 
BARI V,-DASHED 
9 


Oo] ay) ao a37 


¢ 


LAMP VOLTAGE REGULATOR—Simple regula- 
tor, designed for specific 150-W lamp, meas- 
ures lamp power by measuring filament 
resistance. During negative half-cycle, lamp 
receives full current through D2. At begin- 
ning of positive half-cycle, R4 provides bias 
current to develop voltage V2 that depends 
on lamp resistance, for comparison with ref- 
erence voltage V1. Phase-controlled trigger- 
ing of scr occurs when V1 is more positive 
than V2, Drawbacks are 13-W power dissi- 
pation in R4 and R5 and flicker noticeable 
with peripheral vision.—E. K. Howell, Small 
Scale integration in Low Cost Control Cir- 
cuits, General Electric, Syracuse, N.Y., No, 
671.9, 1968, » 20. 


CASE 1: LAMP R LOW, TRIGGERING ADVANCES TO a@,}; LOW LINE VOLTAGE. 
CASE 2: LAMP R NORMAL, TRIGGERING AT G9; MEDIAN LINE VOLTAGE. 


CASE 3: LAMP R HIGH, TRIGGERING AT a3; HIGH LINE VOLTAGE, aes 
NOTE: GAIN & STABILITY CONTROLLED BY C; (PHASE SHIFT $) OUTPUT 


TR, 
ASZI6 


12 V AT 50 MA FROM 18 V D-C--Two-tran- 
sistor series regulator uses zener as reference. 
Use of amplifier stage TR2 to control series 
transistor reduces output impedance of supply 
and thus greatly improves stabilization factor. 
—Voltage Regulator (Zener) Diodes,” Philips, 
Pub. Dept., Elcoma Div., Eindhoven, The 
Netherlands, p 43. 


12-.V DIODE REGULATOR—Multi-pellet diode 
provides good regulation (about 0.5%) 
against change in voltage source for tran- 
sistors. Output impedance of regulator is 
about 5 ohms, and efficiency is high com- 
pared to that of resistive voltage-divider 
regulator for same impedance.—Silicon Multi- 
Pellet Diodes MPD200/MPD300/MPD400, Gen- 
eral Electric, Syracuse, N.Y., No. 75.42, 1966, 


FROM 6V 
WINDING REF 


REDUCING OUTPUT IMPEDANCE—Modification 
of series-regulator power supply for servo 
provides 400 mA with dynamic impedance 
below 1 ohm at frequencies from 1 Hz to 
100 kHz. Two-stage double-differentiated 
d-c amplifier is referenced to constant d-c 
voltage of 082, Corrected output signal of 
6AH6 final amplifier is applied to grids of 
series regulators to keep output voltage con- 
stant within very narrow limits despite load 
changes.—E. G. Fonda, Servo-Modification 
Improved Dynamic Impedance, Electronic De- 
sign, Feb. 3, 1964, p 48 and 50. 
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ack REFERENCE VOLTAGE SUPPLY—Reference volt. 


age is generated by Ferranti KF77 reference 
voltage package, which has high stability if 
operating current is held within 5% of 5 mA. 
Combination of Ferranti ZLD2 IC differential 
amplifier and npn transistor provide this cur- 
rent with required stability over temperature 
range of —50 to 120 C and with large varia- 
tions in d-c supply voltages. Potentiometer 
is adjusted to give 5 mA accurately through 
KS77.—Microlin Amplifiers ZLD2S and ZLD2T, 
Ferranti Ltd., Oldham, Lanes., England, No. 
11, 1967, p 16. 


IK 


K 


Ov 
(+ 10¥) 


COMBINATION CURRENT SOURCE AND 40361 
SINK--Provides constant 5-V output by sink- 
ing up to 100 mA when output voltage rises 
above 5 V. Zener CR1 establishes value of 
output voltage.—R. S. Conero, Voltage Regu- 
lator is a Current Source or Sink, Electronic 
Design, June 7, 1970, p 102. 40362 


Ci ipF/ISV 


IN75I 


*Vin 2N4904 Ago Vg 


Vv, =18V 


MC1560R 


4 

12 V WITH TEMPERATURE COMPENSATION— =F = —3 —y = 
Effects of temperature changes on TR2 are re- 
duced to about 0.045% per deg C by adding PNP CURRENT BOOSTER—Uses Motorola IC 
similar transistor TR4 to series regulator. voltage regulator with pnp transistor to boost 
Arrangement does not compensate for effect maximum output current above 500-mA rating 
of temperature changes on zener, however.— for IC alone, Input voltage is 20 V.—D. 
*Noltage Regulator (Zener) Diodes,” Philips, Kesner, Voltage Regulators—Old and New, 
Pub. Dept., Elcoma Div., Eindhoven, The “State-of-the-Art—Linears in Action,” Moto- 


Netherlands, p. 44, rola, Phoenix, Ariz., 1969, p 14—20. 
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1, 7752 
— 


a PRESTABILIZATION—Two zeners stabilize input 
BZY88-C6V2 voltage, to make output zener much more 

We R, effective in holding output voltage at desired 
30V+10%o 68kQ 65 V_ d-c.—High-Stability Reference Diodes 


BZY88~C6V8 BZX47 Family, Philips, Pub. Dept., Eleoma Div., 


Eindhoven, The Netherlands, No. 331, 1968, 


DOUBLE SHUNT-DIODE 12-V REGULATOR—Use 
of two multi-pellet diodes instead of one 
gives much better regulation (about 0.07%) 
against voltage source changes.—Silicon Multi- 
Pellet Diodes MPD200/MPD300/MPD400, Gen- 
eral Electric, Syracuse, N.Y., No. 75.42, 1966. 


+130V0 +11 TO +122 
1% REGULATED 0-100mA 


5% REGULATED 60-100mA 


220K 
TWO-NEON VOLTAGE REGULATOR—Output 


V1LAND V2 HAND SELECTED voltage is sum of maintaining voltages of 
FOR EXACT VOLTAGE neons minus 0.6 V junction drop of transis- 
tor.—W. G. Miller, “Using and Understanding 
Miniature Neon Lamps,” H. W. Sams & Co., 

Indianapolis, Ind,, 1969, p 35. 


TECH-NEON 
(2) 72-32-1 


3 CURRENT 
Q 17 mH 
2N3447 aoe +15 O59 


VOLTAGE 
REGULATOR 


15-V SWITCHING REGULATOR—Operates at to 100,000 for maintaining d-c load voltage = 
20-kHz switching rate. Shunt opamp pro- within few microvolts for load currents of 0 Efficiency of Regulated Power Supplies, Elec- 
vides additional d-c loop voltage gain of up to 5 A.—W. L. Brown, IC’s Save Power, Boost tronics, July 20, 1970, p 94-97. 
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28-V SHUNT REGULATOR—Holds output volt- 
age constant within 0.0125 V of 28 V for 
input changes of 7 V above and below 49 V 
d-c. Book gives detailed design procedure. 
~"Silicon Power Circuits Manual,” RCA, Har+ 
rison, N.J., SP-51, p 218. 


Rs 
+360V © +300V +3V 
1% REQ 
0-12mA 
13) SIG Lmeg 


ZLOORI2 v3 


300-V THREE-LAMP REGULATOR—Neon lamps 
are initially tonized by current through 1- 
meg shunts which also permit use of supply 
voltage less than sum of breakdown voltages 
of lamps.—W. G. Miller, “Using and Under- 
standing Miniature Neon Lamps,” H. W. 
Sams & Co,, Indianapolis, Ind., 1969, p 30. 


MC1466 
MC 1566 


ELECTRONIC 


MPS6585 
OR EQUIV 


SUPPLY 
VOLTAGE 


1N4002 


1N6232 
01 p2 


70-MA D-C TWO-TERMINAL CURRENT REGU- 
LATOR—Provides current regulation only if 
supply voltage is greater than sum of volt- 
age drops across all four diodes, which is 
12.5 V for components shown. Level of 
current regulation is diode drop divided by 


C1466 
MC1S66 


1hk 
VOLTAGE 
ADJUSI 


0-5 V D-«C AT 10 A—Uses precision wide- 
range Motorola IC voltage and current requ= 
lator, with output voltage and current both 
adjustable. Both line and load voltage regu- 
lation are 0.01% pius 1 mV, and current 


25 Vac 


MC1466 
MC 1566 
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D3 D4 
1N4002 1N5232 


RLoap 


ee 5 ce | 


value of RI (or R3). Circuit can be operated 
at regulated current levels up to 700 mA if 
supply voltage is above 13.5 V.—“Semicon- 
ductor Power Circuits Handbook,” Motorola, 
Phoenix, Ariz, 1968, p 3-25. 


+20 Vde O 


CURRENT 
LIMIT. 
AQJUST 


1000 uF a0 


regulation is 0.1% plus 1 mA.—Precision 
Wide-Range Voltage and Current Regulator 
MC1566L/MC1466L, Motorola, Phoenix, Ariz, 
DS9130, 1969. 


MJE340 OR EQUIV 


om 


4275 Vado 


1N4g01 
OR EQUIV 


TN4OOS 


OR Equiv 


10 uF 


a 
al 


0~40 V D-C AT 0.5 A~—Gives laboratory power 
supply performance, with line and load volt- 


age regulation 0.01% plus 1 mV, using 
Motorola IC for stepping up 25-V d-c source 
voltage.—Precision Wide-Range Voltage and 
Current Regulator MCI566L/MC1466L, Moto- 
rola, Phoenix, Ariz., DS9130, 1969. 


0-250 V D-C AT 0.1 A—Gives laboratory 
power supply performance, with line and 
lead voltage regulation 0.01% plus mV, using 
Motorola IC for stepping up 25-V d-c source 
voltage.—Precision Wide-Range Voltage and 
Current Regulator MC1566L/MC1466L, Moto-~ 
rola, Phoenix, Ariz., DS9130, 1969. 


REGULATOR CIRCUITS 


IMPROVING EFFICIENCY—Permits lower un- 
regulated input voltage to series-pass regu- 
lator for low-voltage (5-6 V) regulated out- 
put for IC circuits. With circuit shown, no 
device junctions are in series with output to 
subtract from available output voltage. 
Pnp differential pair Q1-Q2 drives pseudo- 
Darlington Q3-Q4. Handles loads up to 300 
mA with 1% regulation.—W. G, Jung, High- 
Efficiency Series Regulator, EEE, April 1970, 
p 100—101. 


ViFIBV 


+ 


12 V AT 360 MA FROM 18 V D-C—Addition of 
third transistor amplifier stage to series regu- 
lator boosts maximum load current, although 
at expense of increased ripple in output.— 
‘Voltage Regulator (Zener) Diodes,” Philips, 


+> 


VIN 
UNREGULATED 


Pub. Dept., Elcoma Div., 
Netherlands, p 43. 


20-V D-C INVERTED OUTPUT~—Switching volt- 
age regulator regulates output within 1% 
for load currents of 50 mA to 1 A. Drive 
for blocking oscillator QI-TI is obtained by 
feedback from output. Operating frequency 
of 6 kHz provides optimum compromise be- 
tween output ripple (which decreases at 
higher frequencies for given filter) and tran- 
sistor power dissipation which along with 
core loss increases with frequency. Voltage 
regulation is 1% for 10% input voltage 
changes at output currents up to 1 A.—‘Semi- 
conductor Power Circuits Handbook,” Moto- 
rola, Phoenix, Ariz., 1968, p 3~18. 


Eindhoven, The 


UNREGU- 
LATED 


INPUT 


3622P-3E; PRIMARY 


3 
2N5132 


12-V DOUBLE-DIODE WITH 


EMITTER-FOL- 
LOWER—Addition of transistor improves both 
efficiency and regulation in transistor supply 
applications.—Silicon Multi-Pellet Diodes MPD- 
200/MP D300/MPD400, General Electric, Syra- 
cuse, N.Y., No. 75.42, 1966. 


D2 
1N3880 


Q2 
2N2192 


T1 — FERROX CUBE POT CORE 


— 100 TURNS 


SECONDARY — 15 TURNS 


RS 
30 k 


1N5250A 


+20 V 


OUTPUT 
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2N3415 


DIODE REGULATOR WITH EMITTER-FOLLOWER 
—Addition of cathode follower to diode volt- 
age regulator gives higher efficiency and 
better regulation against voltage source 
changes, Output impedance is higher than 
with diode alone.—Silicon Multi-Pellet Diodes 
MPD200/MPD300/MPD400, General Electric, 
Syracuse, N.Y., No. 75.42, 1966. 


+160VO +1l00V +1V 
2% REGULATED 


100-120 mA 


HIGH-CURRENT NEON REGULATOR—Permits 
load currents many times maximum rating of 
lamp. Fuse protects neon if load is removed 
or reduced. XI may be any 400-piv 200- 
mA or better diode—W. G. Miller, “Using 
and Understanding Miniature Neon Lamps,” 
H. W. Sams & Co,, Indianapolis, Ind., 1969, p 
32. 


15-V LINEAR SERIES-SHUNT—Circuit is excel- 
lent for use when desired ovtput is large 
fraction of source voltage. Dashed lines in- 
dicate optional components, with C2 for noise 
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oom 1004) 


10-12 V STABILIZED FROM 14 V—Uses Plessey 
high-gain d-c amplifier with two zeners and 
series regulator transistor to give stabilization 
ratio of over 1,000 and output resistance less 
than 0.1 ohm.—R. C. Foss and 8B, J. Green, 


3 
Ni482 


The $L700 Series and Applications, Plessey, 
Swindon, England, No. 7. 


4.5 V AT 100 MA FOR LOGIC—Simple regu- 
lator acts like trigger having two stable 
states, corresponding to conditions before 
and after change in load current, Darlington 
pass transistor acts as emitter-follower. De- 


FERRITE BEAD 
TO.AIO STABILITY 


suppression and C] for loop stabilization. 
Vatues of C1, C3, and R3 are chosen to mini- 
mize load voltage overshoot when driving 


Q1-2N2221 


Qa 


2N3250 


© + 4.5 (NOM) OUT 


R2 
620 


—™ (REF) 
S.1V (NOM) 
1N705A-8 


veloped for logic circuits in which line regu- 
lation is much less important than load regu- 
lation, —R. C. Sanford, ‘Perfect’ Regulator Sat- 
isfies Logic Circuits, EDN, Dec. 15, 1969, p 
51-53. 


t5v 


Cy 
10-400ut 


fast-switching load.—W. 1. Brawn, IC’s Save 
Power, Boost Efficiency of Regulated Power 
Supplies, Electronics, July 20, 1970, p 94-97. 


1OV 


5.6 V 0-C WITH ZENER AND TRANSISTOR— 
Power transistor, mounted on same heat sink 
with power zener, but electrically insulated, 
provides voltage stabilization at higher power 
level than zener alone.—Zener Diodes and 
Their Applications, Philips, Pub. Dept., Elcoma 
Div., Eindhoven, The Netherlands, No. 17, 
1966. 


REGULATING BELOW ZENER MINIMUM—Two 
transistors and resistor provide zener action 
for regulating voltages below 2-V zener mini- 
mum. Arrangement has 1,5-V zener char- 
acteristic and zero dynamic impedance from 
20 to 150 mA. When applied voltage is 
greater than 1.4 V, both transistors begin to 
conduct,—H. Stadler, Transistor ‘Zener’ has 
Zero Dynamic Impedance, Electronics, March 
31, 1969, p 86—87. 


REGULATOR CIRCUITS 


R, : 50000 
Ra: 5000 


R3:3300 Rg :SM 
Ra: 1OK Rg : IK 
A-C LINE VOLTAGE COMPENSATION—Ramp- 
and-pedestal control depends on relationship 
between pedestal height and peak point volt~ 
age of ujt. Cosine-shaped ramp provides 


INPUT 
45 To 55V 
oc 


28-V SHUNT~Simple two-transistor shunt-type 
regulator holds output voltage constant within 
0.5% for load currents up to 0.5 A, over dc 


Cy ;200pt, (Ov =Qy : 
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i TO SCR GATES 


2N2646 Co: O.lut 


good regulation over wide range of a-c input 
voltages.—F. W. Gutzwiller and E. K, Howell, 
Economy Power Semiconductor Applications, 
General Electric, Syracuse, N.Y., No. 671.1, 
1965, p 13. 


input range of 45 to 55 V. CR is 27-V ref« 
erence diode, RI is 28, and R2 is 1,000.— 
“Transistor Manual,” RCA, Harrison, N.J., SC- 
13, p 516. 


tOV TO 25V 0C 2N3766 
OR RECTIFIED o aac T ——0 OUTPUT 
( 
uF 7B oma 7Raaer 
1N4099 


EXTENDING ZENER RANGE—Constant-current 
diode added to conventional zener of series 
regulator extends range of reference voltage, 
for handling wide range of input voltages. 


3.3 pF 


With values shown, regulator delivers 40 mA 
at nominal 6 V d-c.—P. Kestenbaum, Fixed 
Bias Extends Zener Range, EEE, May 1970, p 
103-104, 


R, —1K 5 Watt $0" 
R, —5.6K 
R3 —68K 1 Watt 
*R, —6.34K ¥% Watt 
+R, —5K Pot. : 
*R, —191K 1 Watt ze 
R, —56000 
Ra —56000 
*R, —121K 1 Watt 
Ryo—150K : 


SERIES D-C VOLTAGE REGULATOR—Provides 
output of 290 V dec for loads up to 600 mA, 
with regulation better than 0.5% for 15% 


DENOTES HIGH-STABILITY FIXEO FiLM RESISTORS 

+ WIRE WOUND LOW TEMPERATURE COEFFICIENT 
change in 320-V d-c input voltage. Report 
describes sensing and correcting operation of 


circuit in detail. Circuit is not overload- 


+ R,,-120K 
D, ~IN1767 
D, —IN4735A 
D; —IN4735A 

E D, —IN4734A 

our Q, —DTS413 

LOAD Q, —2N3439 
Q; —2N2711 
Q, Qs —2N2712 
C, —Smfd 450V 


C, -0.0lmfd 1 KV 


proof.—DC Voltage Regulator With High Volt- 
age Silicon Transistors, Delco Radio, Kokomo, 
Ind., No. 38, 1966. 
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70-MA D-C CURRENT REGULATOR WITH 
ZENER—Combination of 5.6-V zener and 
value of R2 gives current regulation at 70 mA 
for load range of 10 to 50 ohms. Value of 
RI is not critical. Circuit has good regula- 
tion with temperature.—"“Semiconductor Power 
Circuits Handbook,’ Motorola, Phoenix, Ariz., 
1968, p 3~24. 


BZY88- 
CS5¥t 


CONSTANT-CURRENT SOURCE~-Use of two- 
terminal constant-current generator to stabi- 
lize input current permits use of lower input 
voltage than with voltage prestabilizer, With 
2 mA supplied to reference diode D1, 100 
BA is supplied to load at essentially constant 
6.5 V_ d-c.—High-Stability Reference Diodes 
BZX47 Family, Philips, Pub. Dept., Elcoma Div., 
Eindhoven, The Netherlands, No. 331, 1968. 


34V 


of feedback 


CURRENT LIMITING—Addition 
loop to current limiting circuit of series regu 
lator makes output current decrease when 
ovtpul voltage drops with overload, thereby 
reducing peak power dissipated in series-pass 
transistor, reducing heat sink requirements, 
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MANUAL 


RLOAD 


SUPPLY 


VOLTAGE oA 


2N2219 
D1 


1N4001 
02 
1N5232 


R2 
822 
1wW 


Og 
BZY88~C6VB 


V,=22V aton Vorl2¥ 


TRp 
ASY76 


arvid ¥ 


12 V AT 360 MA WITH LOW RIPPLE~Addi- 
tional zener D2 acts with R5 to reduce amount 
of ripple fed into output through R1 and 
TR3, but input voltage must be incredsed to 
22 V to allow for voltage drop across these 
components,—’Voltage Regulator (Zener) Di- 
odes,” Philips, Pub, Dept., Elcoma Div., Eind- 
hoven, The Netherlands, p 44. 


*R10, 5600 remove trom modified circurt 


and permitting use of smaller transistors. 
Q2 in added feedback loop acts as current 
source. Regulated output is 27 V.—T. Rugen, 
Simple Feedback Loop Lowers Regulator Cost, 
EDN, June 1, 1970, p 55~-56. 


+520V O 
(500 MIN) 


*400V +4V 
1% REGULATED 


VL 0-10mA 
ALL LAMPS 
v2 Z100R12 
V3 
220K 


400-V NEON REGULATORS—Adding lamps in 
series permits higher reference voltages, Use 
of additional resistors lowers supply voltage 
requirements, as in circuit at right. All 
neons are Z100R12.—W. G. Miller, “Using and 
Understanding Miniature Neon Lamps,” H. W. 
Sams & Co., Indianapolis, Ind., 1969, p 30. 


REGULATOR CIRCUITS 
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o- 
mise ae U POSITIVE 
+25V 
OUTPUT 
Ti 8100 10K 
COMMON OUTPUT 
0) 
COMMON 
r 10K 
1N967B NEGATIVE 
OUTPUT 
(-25V) 


NEGATIVE 


DUAL 15-V REGULATOR—Uses pair of OEl 
regulator chips with circuit in which only 
one reference is needed. One adjustment 
sets output voltage for both positive and 
negative outputs. Developed for opamps 


requiring tracking in which any change in 
negative output voltage causes corresponding 
change in positive output. Range is 12 to 
18 V.—Applying the Model 8100 Monolithic 
Voltage Regulator, Optical Electronics, Tucson, 
Ariz., No. 10141. 


$E3035 


Eye t30V 


9-25 V AT 100 MA—Opamp isolates zener 
reference from load changes, improving load 
regulation. Simple divider changes output 
voltage. Output impedance is below 0.1 
ohm.—M. English, Applications for Fully Com- 
pensated Op-Amp ICs, EEE, Jan. 1969, p 
63-65. 


ae 


LINE REGULATION: 
204% 

Viy VARIES FROM 
20 TO 30V 


Eg: 9-25V 
AT 100 mA 


LOAD REGULATION: 
#0.1% AT Voyy = OV 
Tour O-100mA 


STABILIZED D-C SUPPLY—Uses Ferranti ZLD2 
IC as d-e error signal amplifier, with nonin- 
verting input held at constant voltage derived 
from reference diodes. Inverting input re- 


ceives error signal proportional to output 
voltage stabilized by series power transistor. 
Output voltage deviates from desired 12 V 
‘by only 5 mV per volt of change in input 


ZTi7il 


voltage.—Micralin Amplifiers ZLD2S and ZLD- 
2T, Ferranti Ltd., Oldham, Lancs., England, 
No. 11, 1967, p 15. 
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2nzge0* 


10 kK 


1N753A 


oa 
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DIODE PREREGULATOR—Field-effect current- 
regulator diode 1N5291 functions as con- 
stant-current source that eliminates effect of 
input variations on bias voltage of 2N930 
error amplifier in series voltage regulator. 
Designed for 200-mA load current. Load 
regulation is 0.1% from zero to full load, 
and line regulation is 0.02%,.—A. Butvidas, 
CRD Simplifies Design of Voltage Regulators, 


{COpF 


'2N930 
O.05uF 


GE 
RAL 


ae -20 ta -40 Volts 


EEE, May 1968, p 124 and 126, 


NEGATIVE SWITCHING REGULATOR—Negative 
regulated output voltage is essentially same 
as negative reference voltage.—Applying the 
Mode] 8100 Monolithic Voltage Regulator, 
Optical Electronics, Tucson, Ariz., No. 10141. 


” FHEAT SINK WITH WAKEFIELD NF 209 


TEMPERATURE COMPENSATION FOR REFER- 
ENCE DiODE—Thermistor is used to reduce 
temperature drift of zener, for applications 


. 7 requiring precise internal reference voltage. 
Rioap Intended for use with zeners having inverted- 

3 parabola temperature-drift characteristic, Far 

a 1N940 zener, RT1 is 100 ohms, RT2 10K, R1 

SUPPLY ai 22 ohms, R2 47K, and R3 715 ohms.—"Se- 
VOLTAGE lected Electronic Circuitry,” NASA SP-5046, 


sciuns 2N2219 1966, Government Printing Office, Washington, G CR, soul ne 
D.C., p 65. voltage 


R2 ie 


10 


70-MA D-C CURRENT REGULATOR WITH 
SINGLE DIODE—Provides very good current 
regulation for loads from 10 to 100 ohms if 
supply voltage is held constant. Voltage 


drops across R2 and R3 are equal, and level 1Sk 


of current regulation is equal to drop across 0.01 pt IN649 +170 

R2 divided by resistance of R2.—“Semicon- ” E 

ductor Power Circuits Handbook,” Motorola, TO THRE 

Phoenix, Ariz., 1968, p 3-24. NIXIES 
Hi-V RETURN 


L (INNER WINDING) = 60 TURNS *20 
L’ (OUTER WINDING) = 840 TURNS #34 


CORE: ARNOLD A930157-2 } 


+559 
68 
2N2880 >) 1M 22 
CH 2N2906 
a 1 
ALL RESISTORS — Yaw, 5% Cb 
ae LMtoo 350 pt 
25 
TANTA 
BATTERY i a 
INPUT 
(HOV 32ut 
T=, to +15v) 30¥ 


(TANTALUM) 


INIG14R 


5.5 V AND 170 V FROM 12 V D-C—Extra 


winding on smoothing inductor of switching 
regulator drives voltage doubler to provide ~~ 
150 to 210 V d-c needed for Nixie display 
tubes. Circuit also provides regulated 5.5 


V for TTL logic, 


Efficiency is about 80%. 
Uses 1C regulator at switching frequency of 
about 9.8 kHz.—D. B. Newton, Switching 
Regulator Drives IC’s and Nixies Of Battery, 
Electronics, July 6, 1970, p 77. 


REGULATOR CIRCUITS 


VIN 
(+13v TO +36¥) 


lator. 


Four 
(OV NOM) 


673 


FET CONSTANT-CURRENT REFERENCE—Q1 sup- 
plies constant current to R2 to produce volt- 
age drop as reference for d-c voltage regu- 
Reference voltage can be much smaller 
than 6-V lower limit of most zeners. 
perature coefficient is adjustable and can 
either be set to low value or set to compen- 
sate for temperature effects in other circuits. 
Modified Darlington Q2-Q3 supplies output 
current up to 250 mA. 
cient depends on fet drain current.~C. N. 
Gold, Zenerless Regulator with Adjustable 
Tempco, EEE, Aug. 1967, p 128-129. 


Tem. 


Temperature coeffi- 


RLoAD 


(+) 05 
SUPPLY 
ai 
VOLTAGE 2N2219 
Ot 
MZ2360 
a R2 
MzZ2360 1082 
UNREGUL ATED (+) - 
250V 70-MA D-C CURRENT REGULATOR WITH BIAS- 
INPUT 51K 


(-)o 
REGULATION AT LOW POWER—Neon sets ref- 
erence level and its maintaining voltage 
establishes lower limit for voltage regula- 
tion, Potentiometer permits output voltage 


22V - 28VDC 
INPUT 


75-—I50V 
OUTPUT 


(-) 

to be set at any value between 75 and 150 
V.—E. Bauman, “Applications of Neon Lamps 
and Gas Discharge Tubes,” Signalite, Nep- 
tune, N.J., p 88. 


ING DIODES—Current level at which regula- 
tion occurs is equal to 0,7-V drop across D2 
divided by value of R2, because base-emitter 
voltage of QI matches drop across DI, Cur- 
rent remains essentially constant over load 
range of 10 to 100 ohms.—"Semiconductor 
Power Circuits Handbook,” Motorola, Phoenix, 
Ariz., 1968, p 324. 


O+ 


OUTPUT 
28 VDC 
100 WATTS 
MAX, 


100-W 28-V FLYBACK SWITCHING REGULA- 
TOR—Provides efficient regulation by pulse 
width modulation at output voltages as high 
as 6 V above d-c input voltage, Switching 
rate of 9 kHz is provided by oscillator that 


6.8K 


2N3703 


triggers monostabfe mvbr, with mvbr also 
receiving voltage-sensing signals from output 


that determine pulse width. Efficiency is 87% 
at 80 W and better than 80% for other 


power outputs down to 15 W. Developed for 
use in aircraft.—28 Volts Flyback Regulator 
Switching, Delco Radio, Kokomo, Ind., No. 
42, 1968. 


CHAPTER 72 
Relay Circuits 


ULTRELAY 
TYPE AlA-AD 


0.1-OHM RESISTANCE CHANGE DETECTOR— 
Uses Airborne Accessories ultrasensitive static 
relay in bridge circuit for production testing 
of components whose resistance value is 
Static switch contains magamp- 
driven ser that can be used to activate sole- 
noid reject mechanism that either labels or 
removes faulty test piece.—Sensitive Static 
Relay Detects Resistance Limits, Electronic 
Design, Nov. 29, 1965, p 75. 


critical. 


{REJECT 
MECHANISM) 
Oo 


SEQUENCING OF RELAY PULL-INS—Series pot 
for each relay is set for pull-in voltage de- 
sired, When switch is set at 28 V, capacitor 
charges through R4, and each relay pulls in 
when capacitor voltage reaches preset value. 
When switch is released, relays drop out in 
reverse order of pull-in.—M. E, Swinnen, Relay 
Arrangement Simplifies Contact Sequencing, 
Electronic Design, Nov. 23, 1964, p 62. 


+24v +48y 


"15va-c +15 


{OR 110-140 v d-c WITHOUT Do) 


+12v 


2 
4N4004 


TO OTHER LAMPS 


1N4004 


prive +12¥ 
VOLTAGE oul 


1N4004 


47k 


Q, 


1 
RCA 40327 RCA 40327 


TRANSISTOR DRIVES RELAY AND NEONS— 
Addition of isolation diode to conventional 
relay driver permits turning on neon lamps 
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and operating relay with single transistor. 
Circuit at right shows how to add isolation 
diodes for driving two or more relays having 


different supply voltages.—J. H. Silverman, 
Diode Isolator Combines Relay and Lamp 
Driver, Electronics, May 1, 1967, p 72. 
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TWO-STEP LOCKOUT—First input pulse pro- 
duces voltage step at output. Second input 
pulse makes output return to different level, 
followed by reed relay lockout. Developed 
for use in counters, Uses two 3N60 silicon 
controlled switches in series, lower of which 
cannot be fired until upper switch is fired. 
Input pulses must be below 5 V to prevent 
both switches from firing on first pulse. 
Lamps show circuit condition. When lower 
switch fires, on second pulse, transistor pulls 
in relay and holds it until reset switch is 
pushed,—B. Soroka, Lockout Circuit Operates 
With Single Line Input, Electronic Design, 
March 30, 1964, p 72-73. 


at CONTACTS TO 
BE USED AS 
(12 voc) REQUIRED 
0 
sw Bt sw pt 


TO LOAD 


LAST 
P&B ENERGIZED 
COIL 


PULSES FLIP LATCHING RELAY—Positive trig- 
ger inputs applied to scr serve to alternate 
contacts of latching relay. Circuit draws very 
little power and provides current overload 
protection for coil, Time between successive 
trigger pulses should be greater than 2RC to 
give sufficient time for charging of coil capac~ 
itor,—J. 5. Poole, SCR Pulse-Follower Circuit 
Alternates latching Relay, Electronic Design, 
Dec. 20, 1965, p 51-52. 


POSITIVE 
TRIGGER 
INPUT 


—10V v 


SIGMA 
11F-2300-GSIL 


Qi 
MPS3394 


T= = 
———— 


“DE-ENERGIZED” CONTROL 
VOLTAGE 


TRANSISTOR CONTROL—D-c relay is con- 
trolled by 0.5-mA signal current applied to 
transistor, Diode protects transistor from 
inductive voltage spike of relay coil._—“Semi- 
conductor Power Circuits Handbook,” Moto- 
rola, Phoenix, Atiz., 1968, p 6-37. 


C1 ~10Qut 
Co- 1Out 
ca olf 
C4-lOOut 
Cy —100pf 


D; ~IN645 
D2 -IN645 
Dy—IN645 
04-IN648 
Os —IN645 


Q) —2Ne86 
Qp—2N886 
Q3—2N886 


LATCHING WITH PULSES—Load is switched 
on and off by consecutive command signal 
pulses, with minimum signal power. Uses 
three scr’s and dpdt magnetic latching relay. 
Circuit is shown with poles P1 and P2 in 
position corresponding to energizing of ON 
relay coil. Filter network RI-R2-C1_ desensi- 
tizes circuit to random noise spikes.—J. N. 
Libby and J. C. Schaffert, SCR Relay Flips, 
Flops on Consecutive Commands, “400 Ideas 
for Design Selected from Electronic Design,” 
Hayden Book Co., N.Y., 1964, p 110. 
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TIMER DRIVES STEPPER—With 90-V d-c supply, 
stepping relay is operated at 5-minute inter- 
vals with values shown, with interval deter- 
mined by R1-C. R2 determines minimum 
time. With half-wave rectified a-c line 
power, interval is 10 minutes. Can also be 
used with ordinary relay or other inductive 
load. Neon conducts at about 65 V and 
triggers scr, to make C discharge through 
relay coil and ser.—L. Eaton, Low-Power Timer 
Drives Stepping Relay, Electronic Design, Aug. 


(PB) 
GMINIZA 


ClO6BI 


16, 1969, p 238 and 240. 


RELAY DRIVER—Uses 


2N1483 
power transistor for energizing solenoid or 


npn silicon 
relay. Delay time is only 0.2 us and pulse 
rise and fall times about 1 us. Values: 
R1 50; R2 700; R3 59; V-BB 8.5 V; V-CC 12 V. 


i2VOC (+) 


TWO-FREQUENCY AUDIO DECODER—Provides 
decoding for control function only when the 
two reeds of Bramco signal-coil relay are 


“Transistor Manual,” RCA, Harrison, NJ. activated in sequence by their respective 
SC-13, p 167. different frequencies. First frequency, fl, 
charges capacitor. Second frequency, £2, 
~12.5 VDC 
~ INTE2~2 Q, 
CR 2N1613 
o_o 
Q, BRAMCO 
Vin GEN. MICRO- RESONANT 
ELECTRONICS REED RELAY 


OFF | ON 4 OFF 


l2v, 1002 ¢ 
RELAY 


RELAY COIL STATE 


TO TRANSISTOR BASE s 


transfers capacitor charge to transistor base 
{or tube grid) for control action. Bleeder 
resistor across capacitor prevents switching 
action by undesired codes.—Multiple-Reed 
Relay Acts as 2-Frequency Decoder, Electronic 
Design, Nov. 29, 1965, p 71. 


2N2a712 


LOW-COST DIFFERENTIAL RELAY—Sharp-turn- 
on characteristic of mosfet QI gives reliable 
operation of inexpensive common relay on 
voltage differential less than 1 V. Pull-in and 
drop-out levels can be changed, to place 1-V 
differential level at any desired location in 
range of 1 to 12 V, by appropriate choice of 
zener and value of R.—L. G. Cowles, MOS 
Transistor Provides Sharp Differential Relay 
Switching, Electronic Design, March 29, 1965, 
p 32. 


TIMED LOCKUP OF LATCHING CIRCUIT—Con- 
tacts of frequency-selective resonant-reed 
relay discharge Cl through RT to make tran- 
sistor conduct and pull in power relay at 
desired time interval after input signal is 
applied. When reed stops vibrating after 
input signal is removed, Cl charges up to 
transistor cutoff point, and power relay is 
then released, Lockup time is 5 to 10 s for 
vulue of Cl shown.—Resonant Reed Controls 
Timed Latching Relay, Electronic Design, Nov. 
29, 1965, p 80. 
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25 pf 


IK 


CONTACT ARC SUPPRESSION—Transistor sup- 
plements capacitor action in suppressing arc 
occurring when relay contacts open. With no 
suppression, peak voltage across opening 
contacts was 640 V. Capacitor alone re- 
duced this to 340 V, and capacitor-transistor 
combination brought peak down to 12 V.— 
M. Dickey, Amplified Capacitor Suppresses 
Arc More Completely, “400 Ideas for Design 
Selected from Electronic Design,” Hayden 
6 VOLTS Book Co., N.Y., 1964, p 100-101. 


20-MINUTE  FLIP-FLOP—Bistable —magnetic- 


= RE~I0 aN S| Bt latching polarized relay and neon lamp serve 
6000 PULSE 24Vv0C as free-running mvbr having cycling times up 
DAMPED TONE GENERATOR—Damped audio to 20 min, depending on settings of pots 


and size of capacitor used between them.— 


tone with extremely narrow bandwidth is 
Polarized Latching Relay Forms Free-Running 


generated each time reed relay is pulsed. 


Tone is amplified by T1 and clipped to desired Flip-Flop, Electronic Design, Nov. 29, 1965, 
level by T2.—Resonant Reed-Relay Produces p 74. 

Pulsed Tone, Electronic Design, Nov. 29, 1965, 

p 74. 


STEP FUNCTION FROM MVBR-PULSED RELAY— 
Generates repetitive low-level steps (up to 
60 mV) for modulating small dec signals. RI 
adjusts repetition rate between 0.1 and 8& 
pps. R2 determines percentage modulation. 
Action of mvbr makes relay contacts short out 
lower half of voltage-divider R2 to generate 
output voltage EO that is between 0 and 60 
mV and is about one-hundredth of monitored 
voltage V.—Pulsed Relay Generates Low-Level 
Step Functions, Electronic Design, Nov. 29, 
1965, p 81. 


sitzsaa Os 
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TRIAC CONTACT-PROTECTOR—When switch is 
closed, relay is energized und triac is fired, 
sending current through load. Since triac 
stays on as long as load current flows, there 
is no arcing of contacts while they bounce. 
Furthermore, load current flows through con- 


tacts when they are closed, rather than 

through triac, so heat dissipation in triac 1 

is negligible. When switch is opened, relay 20 Vv uP TO 
contacts open but triac remains fired long TO 240V AC PCYELE RATING 


enough to eliminate contact arcing because it 
opens only at natural current-zero time. Cir- 
cuit can thus be used for load currents higher 
than relay or triac could handle alone.—J. H. 
Galloway, Using the Triac for Control of AC 
Power, General Electric, Syracuse, N.Y., No. 
200.35, 1966, p 13. 


| 
SONS INPUT 


Ri = >10K 
<10M 


CONTACT-CLOSING SEQUENCE—Both neons 
should glow when $1 is closed. With SI 
open, neon which glows shows which con- 
tact closed first. If neither lamp lights, both 
contacts closed simultaneously.—E, Bauman, 
“Applications of Neon Lamps and Gas Dis- 
charge Tubes,” Signalite, Neptune, NJ, p 
144, 


ELECTRONIC CIRCUITS 


MANUAL 


RELAY 
N.O. 
CONTACTS 


SEPARATE TRANSFORMER 
IN PARALLEL WITH RELAY 
iL 


NOTE: FOR 


*C = Value depends on drap out 
time desired and coil 
characteristics of relay K1 

C = 1000s 


CIRCUIT IN PARALLEL WITH TRIAC 


—6V to —24V 


$220k 


2 
AaNe3180 


Ql 
HRNS318D 


SIGNAL-OPERATED RELAY—Two mosfet am- 
plifier stages ahead of transistor provide 
sufficient voltage gain for detecting signals 
as low as 2 V and energizing relay.—C, R. 
Perkins, “Application of MOSFET Devices to 
Electronic Circuits,“ Hughes, Newport Beach, 
Cal, 1968, p 35. 


pty 


INDUCTIVE LOADS USE RC dv/dt SUPPRESSION 


Do 


Q3 
2N2905 


R3 c2 
47 0.1 pF 
AWN 4{— 


GUARDIAN 
A410-061 751-00 


01 


1N4004 


TRIAC SUPPRESSES CONTACT ARCING—Triac 
turns on during first positive half-cycle after 
$1 is closed, and carries load current before 
relay coil has had time to close its contacts. 
Similarly, triae conducts for several cycles 
after relay contacts open, because of energy 
stored in C2. Maximum voltage across con~ 
tacts is only about 1 V when they open, per- 
mitting use of smaller relay and reducing 
noise of relay closing. Triac shown will 
handle loads up to 50 A.—’Semiconductor 
Power Circuits Handbook,” Motorola, Phoenix, 
Ariz., 1968, p 4~7. 


+96v 


RELAY CIRCUITS 


2N3859A 


2.2k 


FASTER RELAY—Shortens pull-in time of indus- 
trial control relay or solenoid from normal 16 
ms to 5 ms. With switch open, Q2 is on and 
current flows through inductor Ll (which can 
be another relay like L2 with armature 
jammed open). Closing switch turns Q2 
off and Q1 on, causing field of LI to collapse 


SCR, 


ake 2N3228 


O.01uf 


FOUR-STEP ACTUATOR—Fout scr’s in cascade 
serve in place of stepping relays to provide 
four-step actuating sequence for four sole- 
noids controlling semiconductor 
precess. Closing momentary switch $1 ener- 


and generate large voltage spike that is 
integrated by L2-R2 to give fast build-up of 
current through relay coil. D1 and RI are 
optional, for protecting Q1 against collector- 
emitter breakdown while increasing delay 
slightly.-J. Gaon, Storage Coil Cuts Relay 
Pull-In Delay, Electronics, Aug. 3, 1970, p 74, 


bonding © 


gizes L2 directly and triggers SCRI. This in 
turn energizes LI. Remainder of sequence is 
then obtained by moving 52 alternately to 
positions b, a, b, a, and b. Continued 
operation of S2 then repeats entire cycle.— 


ALL DIODES 1N4003 
ALL SOLENOIDS 150v d-c, 10 
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ONE-SHOT RELAY DRIVER—Will pull in relay 
for about 50 s out of every minute, with im- 
munity to both positive and negative power 
supply transients, Initiating trigger pulse 
must be long enough for relay current through 
SCRI1 to rise above its latching current, Ujt 
Q1 turns off scr when Cl has been charged 
through R3 to point where it discharges 
through Q1] and R5. Circuit was developed 
at Goddard Space Flight Center, and should 
be useful for general control applications.— 
“Selected Electronic Circuitry,” NASA SP-5046, 
1966, Government Printing Office, Washington, 
D.C., p 68. 


OM wf 
SCR4 
2N3228 (¥) 
A 
O,0teF 
47k 
120 


C. H. Harris, SCR Ring Circuit Replaces Step- 
ping Relays, Electronics, July 10, 1967, p 80~ 
81. 
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SPEEDING SOLENOID RECOVERY—Use of R-C 
network to control timing speeds recovery in 


SOLENOID circuits actuating solenoid-operating devices. 
co Before operating solenoid, switch is opened 
Ri : so C charges to supply voltage. Closing 
25 i switch makes C discharge through RI and 


add to solenoid excitation current.—F. E. 
| Mueller, Pick-Hold Coil Driver Recovers 


nae Quickly, Electronics, April 14, 1969, p 96-97. 


5 opt 
POTTER & BRUMFIELD /#— ' — 
#KASAB 7 «1 


120 V, 60 Hz 
Ac ADVANCE 
POWER STEP 
LINE 


“ORE” 
D1 
p2 SCR1-SCRn —~GE No. C228 = 
D3 NP IbEe KI~Kn-—-TELEPHONE TYPE RLY. 
D4 
A-C RELAY CONTROL—Diode bridge provides SCR STEPPING AND HOMING—Combination of 
dec for transistor while passing a-c for opera- telephone relays and ser’s gives better reli- 
tion of relay. C1 protects transistor from ability, faster stepping, and faster homing 
inductive voltage spikes of relay coil. One or resetting than conventional stepping 
drawback is that control signal must be switches.—E, Pacia, Relay Combination Im- 
isolated from a-c power line. Control volt- proves Step Switching, Homing, Electronic 
age source must provide 1.6 mA to base of Design, Oct. 26, 1964, p 52, 


transistor having gain of 10, to pull in relay 
coil requiring 16 mA—‘Semiconductor Power 
Circuits Handbook,” Motorola, Phoenix, Ariz., 


1968, p 6-38. —1100ms fe 
OUTPUT 4 9! 
i} 
Kota 


——— | sec —+| 
} OUTPUT 2 
jae ead = 


24-30 v dre 


240 


Dy 
4N 4747 


SCRe 
2N 1595 


Q2 
2Nte7{8 


SLOW PULSER—Solid-state components and pulse width range of 50 to 150 ms at prr of = Actuator Produces One-Hour Pulses, Electron- 
relay can stretch output ‘pulses over range 1 pps. DBI and D2 (20-V xzeners) keep timing ics, Nov. 13, 1967, p 100-101. 

from 20 ms to one hour, depending on values cirevit voltage constant. Dpdt relay gives 

used for Cl] and R3-R4. Values shown give complementary ovtputs.—D. L. Pippen, Relay 


CHAPTER 73 


Remote Control Circuits 


PULSED-LIGHT RECEIVER—Photodiode with 
simple lens picks up pulsed light from solid- 
state lamp up to 2 ft away, having one of 
four different pulsing rates. Speaker gives 
audible indication of tone being transmitted, 


DETECTOR 


VIDEO TURNS ON CCTV RECEIVERS—AIl re- 
ceivers connected to system are turned on 
shown, 
video signals that may be as small as 30 uA 


automatically by circuit 


IKQ 


with mvbr providing required drive power. 
Pilot lamps indicate, by intensity, frequency 
being transmitted. Alternatively, reed relays 
could be used to provide direct response to 


each signal, With infrared wavelength, vis- 


VIDEO SIGNAL 


SCR, 
C1068) 


whenever 


are sent over closed circuit by tv camera. 
Lamp absorbs inductive surges.—W. Simister, 
SCR Helps Video Signal Gate A-C Power 
Line, Electronics, April 29, 1968, p 66. 


ible ambient light does not affect perform- 
ance,—L, M. Hertz, Solid State Lamps~Part 
il, General Electronic, Cleveland, Qhio, No. 3- 
0121, 1970, p 33. 


TELEVISION 
RECEIVER 


7-WATT 
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2N2925 2N2925 
Ql Q2 


iN4OOt 
+ 


Vee TO 
HIGH LOAD 


COMMON 


BILATERAL SBS TRIGGER~Provides high input 
impedance and draws negligible standby cur- 
rent, while providing reliable turn-on and 
turn-off of scr controlling heavy logic-system 
load. R1 must be large enough to couple 
substantial pulse to gate of scr but small 
enough for quick discharge of Cl and C2 
for turn-off; good compromise is 1K. Ser 
type depends on load, while sbs can be D13E, 
MPT28, or MPT32, Can easily be driven by 
simple detector circuit such as Schmitt trigger. 
—C, H. Davis, Remote-Controlled Solid-State 
Switch, EEE, Nov. 1968, p 142 and 144, 


Remote 


F 
tl 1N4001 


2N3820 


‘Sut 


= 
Increase 


I 
1 Gain 
! 
t 


REMOTE AUDIO GAIN CONTROL—~Requires 
only 10K pot at remote control location for 
adjusting gain of 20-dB audio compressor 
using IC opamp.—B. J. Losmandy, Operational 
Amplifier Application for Audio Systems, 
Opamp Labs, Los Angeles, Cal,, 1968. 


Ti: DESIRED RESONANT REED 


NUVISTOR 
INPUT 


SELECTIVE-SIGNALING TONE GENERATOR— 
Can be used either with wire line or with 
modulator of radio transmitter, for radio re- 
mote control, selective CB or mobile radio 
communication, or for operating lamp or 
latching relay of frequency-selective receiver 
connected to wire line. Uses Motorola Mini- 
tone resonant-reed device capable of operat- 
ing at any one of 200 preselected frequencies 
(our between 67 and 3,150 Hz. Reed unit is con- 

nected in feedback oscillator Q1-Q2, Emitter- 
follower Q3 matches high impedance of 
oscillator to load.—L. Solomon, Tone-Selective 
Signaling The New Look, Electronics World, 
Sept. 1967, p 88-90. 


SPLIT PHASE 


120V AC CAPACITOR-RUN 
MOTOR 


LIMITING 
RESTOR 


RECEIVER 
OISV POWER 
SUPPLY 


Hees 
POWER { 
SUPPLY bad 


TYPE 
2NI304 


GARAGE-DOOR REVERSING CONTROL—Triacs 
eliminate arcing problems obtained with re- 
lays when reversing split-phase capacitor-run 
motor commonly used with radio-controlled 
garage door opener. Circuit includes time- 


delay mono mvbr. During door travel, trans- 
mitter keying will control motor direction in- 
dependently of motor  switches.—‘‘Silicon 
Power Circuits Manual,” RCA, Harrison, N.J., 
5P.51, p 252. 


REMOTE 


DIODE “winoow” 


TWIN-T RESONANT AMPLIFIER—Low-power 
a-m transmitter on 27-MHz CB channel, modu- 
lated at 300, 400, and 500 Hz by twin-T 
oscillators, feeds superhet receiver of experi- 
mental radio remote-control system. Demod- 
ulated control signals are clipped to 0.6 V 


Sci4ia 


10 
FUNCTIONS 
ame | 


Ee" THIS POINT WAS +5V 
= AT RESONANCE 


QI ~MPS 6521 
Q2~MPS 6520, 
DL,D2,03—IN400; 


by diode window and fed to three twin-T 
resonant amplifiers, each tuned to one mod- 
ulation frequency ond driving relay (only 
one is shown). Reliability of system is good. 
—F. B, Maynard, Twin T’s: Designs & Applica- 
tions, Electronics World, Aug. 1968, p 35~37 
and 64, 
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PULSED-LIGHT TRANSMITTER—Ujt oscillator 
pulses solid-state lamp to produce pulsed light 
beam for remote control. Range is about 2 
ft when using simple lens over photodiode 
in receiver. Switches give choice of four 
pulse rates providing four different control 
functions in receiver, Supply voltage can be 
as low as 3 V, from pair of D flashlight cells, 
if low-voltage ujt is used.—L. M, Hertz, Solid 
State Lamps~Part fl, General Electric, Cleve- 
land, Ohio, No. 3-0121, 1970, p 32. 


DETECTION & COUNTER | — 
OUT PUT 


LIGHT SENSOR | PRE- AMP 


TUNED-RELAY RECEIVER—Silicon photodiode 
receives pulsed light beam in range of 300— 
1,200 pps from transmitter up to several hun- 
dred feet away. Q1 amplifies output and 
drives mvbr Q2-Q3 to stretch pulses to about 


662 5 Hz 


MURATA 
OUT TUNING FORK 


ONE SHOT 


1 ms for driving tuning fork. When trans 
mitted frequency corresponds to that of fork, 
fork output triggers gate of scr, to close 
reed switch and trigger triac that applies 
power to arc receptacle for load up to 2 A. 


| FREQUENCY Tov DETECTOR 


Additional channels are required if more than 
one control frequency is used.—l. M. Hertz, 
Solid State Lamps—Part II, General Electric, 
Cleveland, Ohio, No. 3-0121, 1970, p 35. 
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LAMP FAILURE INDICATOR—Neon glows if 
three-way switch in kitchen does not turn on 
garage light because it is burned out or re- 
moved.—E, Bauman, “Application of Neon 
Lamps and Gas Discharge Tubes,” Signalite, 


Lisut L-}—--—! 


GARAGE 
SWITCH 


CASSETTE TONE COMMANDS—Dual-channel 
pulse circuit converts 1,000 and 3,200 Hz 
tone signals on second track of 150-mil stereo 
tape cassette to useful control commands, 
such as for advancing slide projector or con- 


2 Ink 


15-KHZ MAGNETIC RECEIVER—Operates from 
3-V supply, drawing only gbout 125 «A on 
standby. Responds to 15-kHz magnetic ra- 
diation from single-tube transmitter up to 15 
feet away, for remote control of garage-door 
opener having control actuator motor draw- 
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trolling two side-by-side projectors. 3,200- 
Hz tone stops sound tape. Bridged-T net- 


work forms feedback loop that passes all 
frequencies except the one to which it is 
tuned.—W. Szabo, Control Commands, A-V 
Communications, Dec. 1969, p 6 and 31-33. 


ing up to 500 mA, With larger motors, 
switching relay should be used. Radiation 
is in form of alternating magnetic field, and 
is definitely not electromagnetic wave. 
Article covers possible sources of magnetic in- 
terference, such as stray fields from door- 


Neptune, N.J., p 139. 


+ 


15-KHZ MAGNETIC DOOR OPENER—Devel. 
oped to solve problem of radio-controlled 
garage doors that open when jokester drives 
past with transmitter in car, or photoelectric 
openers that are opened by boys with flash~ 
lights, Inductor wound on 12-mm rod of 
ferroxcube 4B 12 cm long serves as element 
of tuned circuit for Hartley oscillator and as 
magnetic antenna, Will operate in band 
from 10 to 100 kHz, permitting operation of 
two or more different systems close together. 
Control range is about 15 feet. Requires 
similarly tuned magnetic receiver and con~ 
trol actuator driving garage door motor.— 
J. van Oort, Brief Items of Interest, Electronic 
Applications, Philips, Pub. Dept., Elcoma Div., 
Eindhoven, The Netherlands, Vol. 27, No. 1, 
1966-1967, p 38-40, 


opening motor.—J. van Oort, Brief Items of 
Interest, Electronic Appfications, Philips, Pub. 
Dept., Eleoma Div., Eindhoven, The Nether~ 
lands, Vol. 27, No. 1, 1966-1967, p 38-40. 
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~Vee 


CABLE TO REMOTE 


219 M% SWITCH 


RESET a 
7 PB, 


THREE-MODE REMOTE CONTROL--Single 
shielded wire going to remote control gives 
choice of three modes of operation: single- 
shot with minimum ON time; single-shot with 
ON time determined by Cl and RI; bistable 
operation with ON time determined by man- 
val preset. Transistor types are not critical. 
—D, E. Campbell, Three-Mode Multivibrator 
Uses Single Control Wire, “400 Ideas for De- 
sign Selected from Electronic Design,” Hay- 
den Book Co., N.Y., 1964, p 192. 


HINPUT 
ec 


$2 $3 


OUTPUT 
fe) 


+20VDC 
nai) 


REMOTE _LO-Z (R<iK} 


SIGNAL SOURCES 


EXCLUSIVE-OR GATES FOR MIKES-~Developed 
for paging and public address systems hav- 
ing many push-to-talk carbon microphones 
feeding common amplifier from different lo-~ 
cations. When switch at any remote loca~ 
tion is closed, corresponding ujt gate is trig- 
gered, Resulting emitter current makes emit- 
ter voltage stabilize below trigger level of 
other yujt stages, blocking all other mikes.— 
R. F, Sherwin, RemotesControlled Exclusive 
-OR Gate, FFE, Dec. 1966, p 119. 


© +i2v 


oe 


BRY 35 


MOMENTARY 
OFF SWITCH O 


RADIO CONTROL FOR GARAGE DOOR— 
Simple receiver circuit requires only single 


scr in high-Q tuned antenna circuit. Signal 
input of only 30 uW, obtained from whip or 
wire antenna up to 100 feet from low-power 
transistor transmitter in auto, will trigger scr 
and pull in relay.—P. Antoniazzi, Inexpensive 
Radio-Controlled Door Opener Uses Only One 
SCR, Electronic Design, Nov. 8, 1969, p 109. 


SERVO 


0.01 
AP “T: 


REMOTE 
CONTROL, 
TRANSMITTER 
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4 
f ia T 
CONTROL CONTROL | \ 
RELAY oR RELAY aR | \ 
SOLENOID SOLENOID a 
ADDITIONAL 
10 | CHANNELS. 


~~ 
CONTROL FUNCTIONS 


‘ULTRASONIC = REMOTE 


CONTROL—40-kHz 


acoustic wave from remote ultrasonic trans- 
mitter is picked up by microphone and am- 
plified by wideband IC amplifier driving fre~ 


quency-sensitive control relay. 
channels are tuned to different frequenc 
above or below 40 kHz. May be used 
remote tuning and control of color tv se 


Additional 


ies, 
for 
| Poe 


“Linear Integrated Circuits,” RCA, Harrison, 


NJ, 1C-41, p 296. 
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LOAD RECEPTACLE 
500 WATTS MAX)\, 


120 VACS ) 


REMOTE 
SWITCH 


ELECTRONIC CIRCUITS 


“FILAMENT" 
TRANSFORMER 


*\_LOW-VOLTAGE 
"BELL" WIRE 
ISOLATED REMOTE SWITCH—Requires only 


bell wire, because switch simply shorts 6.3-V 
secondary of small filament transformer to 
make it saturate and thereby trigger triac on. 
Ideal for controlling outdoor light, lawn- 


sprinkling systems, irrigation pumps, and 
similar loads that may be at inconvenient 
locations.—F, W. Gutzwiller and E. K. Howell, 
Economy Power Semiconductor Applications, 
General Electric, Syracuse, N.Y., No. 671.1, 


1965, p 9. 


INPUT 
{{5v 6O0hz 


{Ok 1N4740 


AUDIO 


SOLID-STATE RELAY—Ujt produces pulse after 
each zero crossing of line voltage, but react- 
ance of transformer prevents gating of pulses 
to scr when primary winding is open. When 
primary is shorted at remote control loca- 
tion, gating pulses trigger scr at start of each 
half-cycle, to give effect of closing switch 
between a-c line and output.—J. B. Johnson, 
Line-Operated Relay Uses Isolated Actuating 
Input, Electronics, Feb. 3, 1969, p 78. 


CONTROL 


2,0002 neut 


TRANSFORMER 


OUTPUT 


120 vac 


DIGDES ARE {N2069 


LOW, VOLTAGE 
BELL” WIRE 


st,é REMOTE 
SWITCH 


CONTROLLING 500 W WITH BELL WIRE— 
Closing remote switch shorts secondary of 
small filament transformer and triggers triac 
for turning on load. When triac conducts, it 


LOAD RECEPTACLE 
500 WATTS MAX 


MANUAL 


12 KEY 


VIA, V1B = 12AU7 
Tl =STANCOR PS-8415 


ELECTRONIC LOCK—Uses series-fed Hartley 
oscillator, adjusted to oscillate normally 
when key L3-C3 is removed, Triode VIA 
then draws only very low plate current and 
relay is open, When key is brought near 
oscillator tank circuit, it absorbs energy and 
loads oscillator, making its plate current rise 
and pull in relay that actuates electric door 
lock. To adjust, place key 0.5 in away from 
plate end of LI and slowly adjust C1 until 
relay energizes. Relay will then drop out 
when key is removed. Key is small parallel 
resonant circuit having same frequency as 
L1-Cl.—J, P. Shields, “Novel Electronic Cir- 
cuits,” H. W. Sams & Co., Indianapolis, Ind., 
1968, p 83. 


" FILAMENT” 
TRANSFORMER 


RI 
SO OKMS 
2 WATTS 


NOTE 
MOUNT GE-XI2 ON A 
3"X 3"X 1716" COPPER OR 
ALUMINUM COOLING FIN, 


bypasses transformer primary and prevents 
burning it out. Will handle lamp or appli- 
ance loads up to 500 W.—“‘Hobby Manual,” 
General Electric, Owensboro, Ky., 1965, p 162. 


INPUT 


REMOTE CONTROL CIRCUITS 


+3 To +12v0 


01,2,3~ MPS 2923 OR 2N2925 
39k Q4—-RCA 40347 
Ti = DESIRED RESONANT REEO 


FREQUENCY-SELECTIVE RECEIVER—Uses Moto- 
rola Minitone resonant-reed device at input, 
tuned to same frequency between 67 and 
3,150 Hz as in companion transmitter. Input 
can he from wire line or from audio output 
of radio receiver, Tone signal is amplified by 


| OC- FREQ CONVERTER 


QI, detected in diodes, and used to activate 
Schmitt trigger Q2-Q3, This turns on Q4, to 
send current through load which can be latch- 
ing relay, signal lamp, or other device.—L. 
Solomon, Tone-Selective Signaling The New 
Look, Electronies World, Sept. 1967, p 38-90. 


AUDIO 
MODULATION 


687 
3.942. 
IN400% 
PULSE GENERATOR 
+22.5V 


2N2646 


Ly = 115uH, 60 turns #24 wire, Genelax Core G59N/30.1 
L, = © 1yH, 6 turns #26 wire, 3/4” dia, air core 
D,, Dz, and D3 = glass signal diodes 


OPTICAL F-M TRANSMITTER—Used to transmit 
analog information, with signal voltage be- 
ing converted into pulse repetition rate thaf 
is adjustable from 50 Hz to 50,000 Hz by d-c 
control voltage. Pulses are 500 ns wide, with 
peaks of several amperes. Variations in re- 


ceived signal strength do not affect fidelity 
of transmitted signal, Pulse generator uses 
solid-state lamp and scr having actual switch- 
ing time of only 40 ns, to give effective duty 
factor of about 0.025 at 50 kHz. Analog- 
frequency converter uses ujt Q2 controlled by 


adjustable constant-current source Q3. Audio 
information can be transmitted by frequency- 
modulating the transmitter. R11 then deter- 
mines carrier frequency.—L. M. Hertz, Solid 
State Lamps—Part II, General Electric, Cleve- 
land, Ohio, No, 3-0121, 1970, p 37. 
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II7AC 60H; 
alt 
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O.6 AMP oN uf 
es 
2an) (00 | 
R 
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Sop 1 
100 OuF Co OuTT IN 
R6 | OUT PUT 
TUNING FORK OSC| RELAXATION OSC. 
POWER SUPPLY [MURATA 652.5 Hz PULSE GEN. 


TUNED-RELAY TRANSMITTER—Operates from frequency of relaxation oscillator Q2-Q3. Hertz, Solid State Lamps—Part II, General 
a-c line and drives solid-state lamp at puls- R8 covers range of 300 to 1,200 pps, Used Electronic, Cleveland, Ohio, No, 3-0121, 1970, 
ing rate corresponding to frequency of tun- with receiver having appropriate tuned relay p 34. 

ing fork used (switch at B) or at free-running — circuit for each transmitting channel.—L. M. 


PRE-AMP MONOSTABLE MULTIVIBRATOR 


+22,5V 
O 


LIGHT D.C. OUTPUT 


INPUT 
SIGNAL. 


OPTICAL F-M RECEIVER—Detects pulse-fre~ pulse. M2 averages these pulses for visual 

quency-modulated light beam and converts output, while d-c output is obtained across minimum of about 100 Hz.~—L. M. Hertz, Solid 
prr back to analog output. Mvbr Q2-Q3 C5. System gives highly intelligible voice State Lamps—Part I, General Electric, Cleve~ 
generates one pulse for each detected light communication at maximum prr of 50 kHz and land, Ohio, No. 3-0121, p 38. 


CHAPTER 74 
Sampling Circuits 


START 
~ 
+i2Vv 


R-C MULTIPLICATION AND SAMPLING—Free- 
running mvbr with very low duty cycle applies 
timing voltage through diode $325 to 1-meg 
1-2F R-C timing combination, to produce 
chopped exponential waveform like staircase. 
At end of each mvbr charging cycle, negative 
pulse is applied to base of sampling transistor 
through 470-pF capacitor and diode, to give 


Cl QE POLYCARBONATE 7AFSIAIOS 
2 GE BLUE JAY AALS AIDS 
3 GE BLUE JAY AALIA(OS 
TRANSISTORS =GE 2N2924 


about 10-us sample period.—W. R. Spofford, 
dr Complementary Unijunction Transistor, 
General Electric, Syracuse, N.Y., No. 90.72, 
1968, p 13. 


INPUT 
LONG HOLD—Command signal of 0 V initiates 
sampling, and —10 V gives hold. Report 
discusses frequency limitations of arrange- 
ment.-A Wide Band, Long Hold Sample and 
Hold Circuit, Optical Electronics, Tucson, Ariz., 
No, 10131, 

COMMAND QC 

+15v 
+15¥ 
-15v 620 
+ 
10 pt Re INSI4 
Lote ii @ 
, O10 ut — IN7S3A CR) INTS3A 
470 
1N914 SIGNAL 
4 5 IN 
10k 
GA 221g 
Hie an OUTPUT 
10v 
° _ 
ae 
INCREASING DYNAMIC RANGE—Uses com~- 


plementary-channel mosfet sampling-gate IC ~i5v 
to increase dynamic range of sample-and-hold 
circuit. Keeps transient peaks in load 46 


dB down from maximum gating amplitude. reduce tr 


Zeners with series resistances soften sharp 
edges of drive waveform applied to IC, to 
ansients and thereby increase dy- 


namic range of switch.—R. J, Turner, Zeners 
Cut Corners in MOS Gate Driver, Electronics, 
June 22, 1970, p 82. 
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DATA SYSTEM PULSES—Will sample pulse in- 
put signal and hold for up to 1 min, Trans 
sistor beta of 100 gives signal transfer ratio 
of 10,000, making high-beta transistors un- 
necessary.—R. §S. Cuikay, Circuit Samples A 
Signal, Holds It Up To 1 Minute, Electronics, 
Oct. 3, 1966, p 106-107. 


OUTPUT 


PERIOD-VOLTAGE CONVERTER—Allows sam~ 
pling at rates approaching input frequency, 


without introducing excessive ripple, Instan- 
taneous output voltage is proportional to 
input signal period or frequency. Consists 
of mono mvbr Q1-Q2, linear ramp generator 
Q3-Q5, and sample-and-hold circuit Q4-Al. 
Sample-hold allows accurate tracking of rapid 
changes in period, because euch step is inde- 
pendent of preceding changes.—J. M. Kasson, 
Linear Period-to-Voltage Converter with Low 
Ripple, EEE, Jan. 1969, p 117~118. 
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GATING PHOTOMULTIPLIER—Negative-going 
pulse applied through transformer makes 
transistor short bleeder resistor between dy~ 
nodes $2 and $3, dropping voltage between 
them and reducing gain of photomultiplier 
by factor of about 100, which is usually 
enough for sampling applications such as are 
used in spectrometry.—J, M, Schonkeren, ““Pho- 
tomultipliers,” Philips, Pub. Dept., Elcoma 
Div., Eindhoven, The Netherlands, 1970, p 99. 


OE TOR 9993/9587 4 
PMT, xe 4013/25 


(RESET) 


Mode 
Control 


Input O G) 


Sy 
SWITCHED INTEGRATOR—Uses Burr-Brown 
4013/25 sample-hold module, with input 


signal applied through external summing 
resistor R1 as shown. When switched cur- 
rent amplifier in module is gated off, input 
signal is integrated with integrator gain of 
1/R1C1. In repetitive operation, initial value 
of time integral is set by IC (initial-condition) 
input voltage used for switching to reset 
mode.—Sample/Hold Modules, Burr-Brown Re- 
search, Tucson, Ariz., PDS-211, 1969. 


SAMPLING 


Ok 


Mode 
Control O 
Input 


SAMPLE-AND-HOLD FOR ANALOG SIGNALS— 
Used to acquire and track analog input signal 
and hold its instantaneous value when com= 
manded to do so by mode control logic input. 
Can be used in analog-digital converters, 
pulse amplitude detectors, measurement of 


2,000 pf 


2,000 pf 
cy 


+i5v 


BETTER TRACKING—Accuracy of sample-and- 
hold circuit is increased by placing dual tran- 
sistor at input of opamp to limit discharge 
current of feedback capacitor and thereby 
decrease holding error at output. Static and 
dynamic accuracy is better than 0.1% full 
scale, with a holding error of 1 to 2 mV, for 
input voltage range of 10 V for either polar- 
ity, frequencies from d-c to 1 kHz, and tem- 
perature range of 0 to 50 C. Circuit values 
shown give track and hold time of 200 us.—G. 
Koch and U. Mocci, Dual Transistor Reduces 
Error of Track and Hold Circuit, Electronics, 
March 17, 1969, p 94-95, 


Ry = 10k 


SAMPLE-HOLD—Uses Burr-Brown 9580 sample- 
hold electronic switch to give choice of track 
and hold modes of operation with opamp. 
When 9580 is switched off by applying posi- 
tive 5-15 V control signal, circuit switches 
From track mode to hold mode in about 200 
ns.—Sample/Hold Electronic Switch, Burr- 
Brown Research, Tucson, Ariz., PDS§-188A, 
1968. 


CIRCUITS 


time intervals, and conversion of pulse height 
to pulse width. CI is holding capacitor, and 
should be low-leakage polystyrene.—Sample/ 
Hold Modules, Burr-Brown Research, Tucson, 
Ariz., PDS-211, 1969. 


Switch Control /Timing 


(oul 


C= 0.01, 
or 1 pF 


0.1 
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Initial = 
Condition ! i 
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Output WV—p- ~+-+ 
Signal lt | 
rt 1 
SWITCHED INYEGRATOR—Burr-Brown 9580 


sample-hold electronic switch gives choice of 
reset and compute modes of operation for 
opamp.—Sample/Hold Electronic Switch, Burr- 
Brown Research, Tucson, Ariz., PDS-188A, 
1968, 


Uky kg trim +V 
~in 


OV DOA42 out 


MEASURING MOMENTARY VALUE—Simple 
hold circuit using Philips DOA42 block 
charges R2-C1 network to hold information, 
after which switch is changed to position 2 
so input signal can be removed.—Hold Circuit 
Using a DOA42 Block, Philips, Pub. Dept., 
Elcoma Div., Eindhoven, The Netherlands, No. 
71, 


Input 
Signal 


Aperture 
Time 


hs 
eth 
Acquisition 
Time 
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pa (lao LI 
© OUTPUTS 


C®GE BLUE JAY AAIBAIDSC 
LOW-COST SAMPLER—~Uses 
such as 2N2646 or D13TI 


inexpensive  ujt 
in oscillator con- 
figuration. When 0.22-:F capacitor  dis- 
charges, voltage across 47-ohm resistor is 
lifted positive for few microseconds, back- 
biasing diode and allowing interbase voltage 
of complementary ujt D5K to reach its normal 
value.~W, R. Spofford, Jr., Complementary 
Unijunction Transistor, General Electric, Syra- 


33KQ, 


Ve si2 VOLTS 


cuse, N.Y., No. 90.72, 1968, p 12. 


INTEGRATOR WITH SAMPLE & HOLD—Uses 
CEL Model 9186 vhf opamp having high 
slewing rate and very wide bandwidth at 
unity gain. In integrating mode, amplifier 
has integrating capacitor between output and 
inverting input, while noninverting input is 
at signal ground. During integrating mode, 
fet switches are on and not in circuit. When 
placed back in cirevit and opened by sampling 
command input, output equals value at mo-~ 
ment before switches were operied, For 20- 


V p-p swing, maximum frequency is 800 kHz. 
~A High Speed Integrator and Sample & Hold 
Circuit, Optical Electronics, Tucson, Ariz., No. 
10079, 


Ye wou “oe 
6-E 
Pouycars | av 
Bute aps DURING 
’ “= SAMPLING 
lousee Mg 
(one 
“ EXAGERATED 
c VIL GHARS 
lg 
ie 
SAMPLING 
PULSES AWRY 
aS 


GE BLACK HAWK 
TSF3RSA224 


22yF 


INPUL 


INPUL 


CeGE POLYCARBONATE T4FOIB-205 


80-SEC TIMER WITH SAMPLING—Threshold 
sampling is achieved with complementary- 
ujt 80-s timer by turning Q1 off for 10 us at 
10-Hz rate with external sampling pulses. 
When capacitor voltage becomes large enough 
to fire the ujt, D13T1 programmable ujt is 
triggered into conduction.—W, R, Spofford, Jr., 
Complementary Unijunction Transistor, Gen- 
eral Electric, Syracuse, N.Y., No. 90.72, 1968, 
p 12, 


OULPUT 


INPUT 


Qos 


2N2604 


OUTPUT 


FILTER WITH SAMPLE-HOLD—Circuit functions 
as unity-gain amplifier having two different 
time constants that are selected by grounding 
or opening gate terminal, for use as gated 
low-pass filter operating in range of 0.1 to 
1,000 Hz. Removing R6 converts it to 
sample-hold circuit functioning as amplifier 
when gate is grounded. When gate is 
opened, output is held at last voltage level. 
—R. S. Hughes, Gated Filter and Sample-Hold 
Circuit, EEE, Nov. 1966, p 154-155. 
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5 LU ALL TRANSISTORS ARE FNIO34 


ROTARY SWITCHING—Pairs of fet’s replace tor. Used in sampling, with each -capacitor 

Vin fwo rotary switches in series-switched digital exposed successively ta segment of signal. 
filter. Switching is controlled by chain of W. R. Harden, Digital Filters With IC’s Boost 
delayed pulses applied to coupled gates G, Q Without Inductors, Electronics, July 24, Y 
and output is taken across grounded capaci- 1967, p 91~100. = Tay 


4 


LOAD-INDEPENDENT HOLDING—Opamp using 
super-gain transistors provides improved hold- 
ing accuracy by minimizing error currents. 
Opamp buffers holding capacitor C1? to pre- 
vent it from being discharged by ony ovtput 
loading.—R. J. Widlar, Designing with Super- 
Beta Transistor Op-Amp ICs, EEE, Dec. 1969, 
p 70-73. 


OUTPUT 


+20¥ 


Dy 
H65004 
4d 


68k HG5004 


—~20¥" 


SAMPLING 10-V SIGNALS—Modification of drive. Arrangement permits sampling of sig- pling, as in sampling oscilloscope.—-D. J. 
conventional sampler uses balanced drive to nal amplitudes comparable to power supply Grover, Large-Signal Sampling Without a 
diode bridge, in place of pulse transformer voltage. Ideal for progressive signal sam- Transformer, Electronics, Nov. 27, 1967, p 80. 
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HIGH-SPEED SAMPLING & HOLD—When switch 
is opened, OE Model 9245 opamp becomes 
unity-gain amplifier having same output volt- 
age as that across C. When switch is closed, 


CONTROL SIGNAL © 


DATA SIGNAL © 


FASTER SAMPLE-HOLD—Matched transistors 
Q1-02 give low offset between sample data 
input and held output, to give 300-ns output 
response to step input level and 0.1% accu- 
racy. Logic input applied to D1 controls 
state of circuit.—J. Downey, Sample-and-Hold 


Circuit is Fast Yet Accurate, EEE, March 1968, 


circuit is in sample mode and behaves as p 125. 


augmented integrator. If C is 150 pF, band~ 
width for 3 dB down is 10 MHz.—The 9245 
As A High Speed Sample and Hold, Optical 
Electronics, Tucson, Ariz, No. 10117. 


~l2v 


FET BOXCAR SAMPLE-AND-HOLD—Will sample 
either d-c or asc signals at repetition rates 
from 200 to 250 kHz, and store sample volt- ren 
ages having width of only 0.5 us. QI and 

Q2 form cross-coupled series switch that con- SIGNAL 
ducts in both directions for transferring INPUT 
either increasing or decreasing input signals 3Vd& 
to glass storage capacitor during conduction. 
Gate input for fet’s is —12 V switching pulse 
lasting 0.5 to 20 us.—J. J. Contus, Boxcar 
Circuit Uses FETs, EEE, April 1967, p 136. 


Q4 


2N2606 03 


CQUTPUT 
Ot02.5v 


-18v 


{+) GATE INPUT 


50k 
OFFSET 
TRIMMER 


(-) GATE INPUT 


SAMPLING 30 HZ WITH 1-MIN HOLD--Low- sample width—R. A. DePerna, Signal is 
cost IC opamp and single transistor sample Sampled and Held for 1 Minute, Electronics, 
30-Hz sine wave once per cycle with 0.4-ms May 1, 1967, p 71—72. 


protocol 
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ERROR REDUCTION—Modification of conven- 
tional fet sample-and-hold circuit reduces 
errors caused by ON resistance of fet. Dur- 
ing sampling interval, both fet's are on and 
Q1 is cut off, During hold interval, situation 
is reversed. With fet’s inside feedback loop 
of high-gain opamp such as wA709C, ON 
resistance is reduced by open-loop gain, so 
charging speed is essentially limited only by 
output current capability of voltage follower. 
I. Cohen and D. Clark, An Improved FET 
Sample-and-Hold Circuit, EEE, Sept, 1968, p 
104 and 106. 


LOW 


FREQUENCY 


INPUT 


PWM MVBR—Combines sample, hold, and 


Vt 


Ry 
2N4067 100k 


OUTPUT 


CAPACITOR 

HIGH-ACCURACY HOLD—Error-producing leak- 
age current across substrate-drain junction is 
routed to output of high-gain opamp through 
RT to prevent it from contributing to residual 
error current that affects accuracy of sample- 
and-hold circuit. Hold capacitor must have 
low leakage and be free from dielectric 
polarization. For sample interval under 100 
us, use faster IC such as LMIO2A.—R, J. 
Widlar, Designing with Super-Beta Transistor 
Op-Amp [Cs, EEE, Dec. 1969, p 70-73. 


INSI4 


pwm operations. Q3-Q4 form mono mvbr, 
with C2 as charging capacitor, Positive peak ulation, Maximum prr is 45 kHz and range Width Modulator Uses Monostable Multivi- 


of voltage at B is limited to instantaneous 


value of low-frequency input to achieve mod- arity is 


Cg tTEFLON, POLYETHYLENE OR 
* WORST CASE DRIFT LESS 30pF POLYCARBONATE DIELECTRIC 
THAN 3mV/SEC 


+12Vec 


R 
3 470 10K 
(P22 
+2) CO )2tsesi 
oull IL 04 4 
aye 
ct a sea 
TRAIN 3.3K 
i q 
a ae , 


~6Vde 


HIGH SPEED WITH SIMPLICITY—Charge and 
discharge cannot occur simultaneously jn sim- 
plified circuit shown, and therefore no speed- 
inhibiting current-limiting resistor is needed. 
Sampling periods can be as short as 1 ys. 
Between pulses, sampling pulse train is at 
ground potential, holding Q2 in saturation. 
Article describes operation in detail.—B. Pearl, 
Sample-Hold Circuit, EEE, Dec. 1966, p 121~ 
122, 


10k 10 k 


+5 V = OFF 
OV =ON 


iHo = 


INVERTING SAMPLE-HOLD—Burr-Brown 3064 
fet-input opamp module, used with 9580 
switch having current amplification factor of 
1,000, gives inverting unity-gain amplifier 
performance when switch is on and set to 
sample or track mode. Time constant of 
circuit is short—Operational Amplifiers, Burr- 
Brown Research, Tucson, Ariz., LI-227, 1969, p 
43. 


(NPUT. 


Op PULSE WIDTH MODULATION OUT 


of output pulse widths is 1 to 20 ws. Line- brator, Electronic Design, Nov. 8, 1969, p 
excellent.—A. Shah, Linear Pulse» 103 and 105. 


CHAPTER 75 


Sawtooth Generator Circuits 


UNIVERSAL SAWTOOTH—Converts 4-V_ p-p 
sine, square, or triangular waveform in range 
of 80 to 800 Hz to 0.3 V sawtooth at lower 
frequency and 1.5 V sawtooth at higher fre- 
quency. Diode can be any type, such as 
1N457. Circuit is easily set up, even though 
not highly accurate,—C. Eddy, Simple Circuit 
Converts Any Waveform into a Sawtooth, 
Electronic Design, Dec. 20, 1967, p 110. 


TRAPEZOIDAL VOLTAGE SWEEP—Transistor 


serves as switch for two wave-shaping net- 
works, one shown by broken arrows and the 
other hy solid arrows. When input pulse 
swings negative, transistor turns on and CC 
discharges over broken-arrow path. Output 
waveform is trapezoidal.—A. C, Gillie, “Pulse 
and Logic Circuits,” McGraw-Hill, N.Y., 1968, 
p 277, 


NEGATIVE RAMP AND POSITIVE PULSES— 
Provides 200-us positive pulses with 15 ms 
OFF time for use in measuring transistor 
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parameters, along with negative-going ramp 
having excellent linearity, Consumes very 


NN 


OUTPUT 
cl 
0.008 BF 
@NN30 ~-- ~t--— te 


gY 


fe tay ht 


little power. Sawtooth can be as narrow as 
1 gs, with ramp starting accurately at zero 
voltage and with no step. Pulses can also 
be as narrow as 1 ys. 1 is constant-current 
source for emitter-coupled complementary pair 
Q2-Q3.—U. S. Singh, Circuit Generates Linear 
Ramp and Short Duty Cycle Pulses, Electronic 
Design, May 10, 1969, p 134. 


SAWTOOTH 


av 


OUTPUT 


c2 
.22yF 


QI,Q2~TIS43-TEXAS INSTRUMENTS UNIJUNCTION TRANSISTOR 


IMPROVING LINEARITY—Instead of feeding 
timing capacitor from constant-current source, 
circuit uses two ujt sawtooth oscillators oper- 
ating independently except for sharing com- 
mon base-2 resistor R3. The two ujt’s now 
fire in unison, with the fastest ujt determining 
repetition rate, which is about 500 Hz for 
values shown and 375-mV output signal, 
increasing ratio of time constant R2C2 to 
RIC1 improves linearity.—F, H. Tooker, Im- 
proving Sawtooth Linearity, Electronics World, 
Feb. 1969, p 84, 


O+25V 


NONLINEARITY COMPENSATION—Addition of 
18K-0.05 yF integrating network provides 
second-order compensation for nonlinearity of 
bootstrap sawtooth generator. Output stage 
can be any npn emitter-follower transistor,— 
T, P. Sylvan, The Unijunction Transistor Char- 
acteristics and Applications, General Electric, 
Syracuse, N.Y., No. 90.10, 1965, p 48. 


+10¥ 


+i0v 


SWEEP GENERATOR 


SWEEP, 


SWEEP IN FREQUENCY DIVIDER—Generates 
output pulses in synchronism with input pulse 
train, for pulse or digital systems. Permits 
using one variable-frequency generator in 


SLOPE 


GENERATOR 
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MID LEVEL 


INITIAL —— 
LEVEL 


——— FINAL 
LEVEL 


UPSLOPE DOWNSLOPE 
TIME TIME 


SERVO CONTROLS RAMP—Produces ramp that 
rises from initial level to mid-level in inde- 
pendently adjustable time, remains at con- 
stant level for adjustable time, then drops to 
preset final level in adjustable downslope 
time, as required in many industrial control 


+10v 


OFF 


SET 


1,000 pf 


-10v 


+10v 


place of several fixed-frequency dividers. 
With values shown and 1-~F capacitor for 
CT in linear sweep, output frequency can be 
varied from 10 to 1,000 Hz for input of 10 


FLIP—FLOP 


RESET 


PULSE 
TRAIN !NPUT 


Zl 
INI77IA 


PHILBRICK 
P65AU 


MID LEVEL ADJ 


Program is initiated by activating 
relay K] and terminated by activating K2 
(coils not shown) manually. R6 determines 
upslope time.—G. E, Cook, Servo Programmer 
Generates Linear On and Off Ramps, Elec- 
tronic Design, Nov. 8, 1967, p 118 and 120. 


systems. 


{N14 


,000pf 
o SYNCHRONOUS 
OUTPUT 

10k 


SWEEP OUTPUT 
SYNCHRONOUS 
OUTPUT 


kHz, Inpuf-to-output ratios can be as high 
as 1,000:1.-S. Weisman, One Transistor 
Sweeps Clean, Electronics, June 12, 1967, p 
106—109. 
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COMMON-COLLECTOR OUTPUT—Uses basic 
transistor current sweep coupled into class A 
common-collector amplifier serving also as 
buffer.—A. C. Gillie, “Pulse and Logic Cir- 
cuits,” McGraw-Hill, N.Y., 1968, p 273. 
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Riz DS TR, ZTXS02 (BCW15) 
ook 25140 TR. TRs, TRs ZTX300 (BCW10) 


1-MINUTE LINEAR RAMP--Provides adjustable 
ramp times up to 1 min and adjustable out- 
put amplitude up to 8 V. Separate discharge 


transistor gives rapid flyback and recovery. ger. TR6 discharges C rapidly,—“E-Line Tran- 


TRI and TR2 form constant-current source, sistor Applications,” Ferranti &td., Oldham, 


pS 


TR3 is buffer, and TR4-IR5 form Schmitt trig-  Lanes., England, 1969, p 24. 
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SWEEP-DRIVING FLIP-FLOP—Conventional flip- 
flop changes state from binary 1 to 0 when 
positive trigger is applied to set input, and 
reverses state when positive trigger is ap- 
plied to reset input. Can be used to drive 
linear sweep circuit.-S. Weisman, One Tran- 
sistor Sweeps Clean, Electronics, June 12, 
1967, p 106-109. 


0.83/LF NNN 
INPUT OUTPUT 
rn aa ie 01 LF 
= cl 


SQUARE TO SAWTOOTH—Two-diode circuit 


provides quick means of obtaining sawtooth RECHARGE 
from 80--800 Hz square wave. Accuracy is 

fair.—C. Eddy, Simple Circuit Converts Any a} 

Waveform Into a Sawtooth, Electronic Design, 2NU32 


Dec. 20, 1967, p 110. 


+12Vde 


R Ri R7 
180 nek 11k 
Q3 
2ng930/-> 
R, 
sweer b 550 fo t) 
SPEED. () la 
(FINE) oN529 


P. 
=" (COARSE) 


TRIGGER 3 
IN 100pF 


LINEAR RAMP—Changing value of coarse 
sweep speed capacitor Cl gives sweep 
frequencies from 0.1 to 500 Hz, along with 
positive and negative blanking pulses syn- 
chronized with output. Reliable triggering is 
achieved for sweep durations ranging from 
2psto 10s, Sweep output is 6 V p-p.—P. M. 
Salomon, Unijunction Transistor Simplifies 
Trigger Sweep Generator, EEE, March 1968, 
p 128-129. 


10-§ SWEEP—Generates negative-going highly 
linear sweep with adjustable duration of 
from 1 to 10 s and sweep speed error under 
0.5%. Polarity is easily changed to get 
Positive-going sweep. Q@Q1-Q2 charge C, 
Sweep output is buffered by Q3—Q4, and Q5 
discharges C, which is polystyrene type.~-D. 
Breslow, Infinite Z-out Current Source Gener- 
ates Long, Linear Sweeps, Electronic Design, 
duly 19, 1965, p 28-31. 
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VOLTAGE-FREQUENCY SWEEP—Circuit delivers Re 

sawtooth sweep waveform to horizontal input —N\\n O 

of cro, with linearity of sawtooth ramp as- + 12 Volts 
sured by current-limiting diode, and sweep 
width determined by setting of RI. Center 
frequency of sweep depends on OE! Model 
70 1C voltage-frequency transducer which 
delivers sinusoidal output whose frequency is 
directly proportional to d-c input voltage, 
Fet follower provides low output impedance 
for cro, Used in testing networks inserted in 
vertical feed from sweep generator to cro.— 
Sweep Generator Using a Voltage-To-Fre- COMMON 
quency Transducer, Optical Electronics, Tucson, 
Ariz., No. 10059. 


Fo 
—-O 


= 12 Volts 


TO Oscillo- 
scope 


Horizontal 


Taput 
+18VDC 
= 
z 27k 
3 
5° Q3 
3S | 2N3711 
2 
S 7 a VERSATILE RAMP—R2 adjusts shape of ramp 
2 MPF 107 from concave upward through linear to con- 
cave downward, Different values for RI and 
R2 give ramp durations ranging from 0.1 ys 
Ok 4 fa OUTPUT to several hours.—L. $. McLaughlin, Long 
aes Duration Variable Linearity Ramp Generator, 
2Nn37it FEE, Jan. 1970, p 127. 
; 110k 20k acy 
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TRIANGULAR-SAWTOOTH CONVERTER—Tri- 


RAMP GENERATOR—Duration of rectangular 
angular wave generated by opamps Al and 


initiating pulse determines width of highly 


A2 is converted to sawtooth output by fet and 
two diodes connected as shown. Used to 
sweep voltage-controlled oscillator in phase- 
locked loop as part of automatic acquisition 
system, Output of sawtooth is symmetrical 
with respect to zero voltage.—E. F. Prozeller, 
FET Converts a Triangle Generator to a Saw- 
tooth Generator, EEE, Dec. 1969, p 92-93. 


linear ramp or sawtooth sweep generated by 
simple two-transistor circuit that is boot- 
strapped through blocking capacitor. Line- 
arity of ramp is better than 0.25%.—4. Porter, 
Input Pulse Width Controls Simple Ramp 
Generator, “400 Ideas for Design Selected 
from Electronic Design,” Hayden Book Co., 
NY., p 189. 
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7OL 
4 
AS MEG, ) 
MEG. MEG, 
} WA 
SAW- TOOTH FINE 
OUTPUT FREG 
A078 
; ed O01 150V 
es > 3 ,00} 
SYNC TO 60 HZ—Developed for scr control SYNC 
circuits requiring sawtooth generator syn- INPUT 


chronized with a-c line. QI and Q2 form 
switch that is periodically opened and closed 
under control of 115-V a-c voltage applied to 
input, When input voltage has peak value 
above 22 V, QI is turned on and Q2 off, 
allowing ujt oscillator Q3 to generate one 
output pulse for each cycle of line voltage. 
Applying positive  full-wave-rectified line 
voltage to input gives one output pulse 
every 8.3 ms. If R6 is made variable, charg- 
ing time of C1 can be varied to change time 
delay of output pulse with respect to zero 
crossing of power line, to control scr firing 
angle.—C, L. Wilson, Unijunction-Transistor 
Oscillator Locks to Line Frequency, EEE, Dec. 
1967, p 93-94, 


BIDIRECTIONAL RAMPS—Each ramp 


starts 


Oo 
+20V 


near 0 V and departs linearly, one in posi- 
tive direction, and the other negative. Uses 
GE D5K1 complementary ujt and Siliconix 
CL6810 field-effect diodes to achieve sym- 
metry.—H, Olson, Symmetrical Ramp Genera- 
tor Uses New Devices, Electronic Design, Nov. 
8, 1967, p 114, 
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TRIGGER 
INPUT 


TRIGGER 


PULSE 


INPUT 
WIOTH " 
ADJUST 

SWEEP 

PULSE 

OUTPUT 


SWEEP GIVES VARIABLE-WIDTH PULSES—With 
calibrated multiturn linear pot for RI, and 
1-2F charging capacitor in sweep generator, 


pulse width can be linearly changed from 1 
to 100 ms. Circuits in boxes appear else-~ 


-where in this chapter under headings LINEAR 


TIME-BASE VOLTAGE SOURCE—Covers range 
of 5 to 1,500 Hz for inexpensive moderately 
linear time bases. Used as horizontal sweep 
for small oscilloscopes.—E, Bauman, “Appli- 
cations of Neon Lamps and Gas Discharge 
Tubes,” Signalite, Neptune, N.f., p 34, 


S 
NEGATIVE 
2N4360 RAMP 


OUT 


2N2647,D5K!-~-GE 
CLEBIO — SILICONIX 
2N4360 — FAIRCHILD 
2N4302 — AMELCO 


+104 


FLIP-FLOP 


PULSE 
QUTPUT 


SWEEP and SWEEP-DRIVING FLIP-FLOP.—S. 


Weisman, One Transistor Sweeps Clean, 


-Electronics, June 12, 1967, p 106—109. 
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180 10k 
INPUT 
500 ‘Ont 
ICy,25 BS 2914 
1C4 2900 


dD, Ds =SILICON 
D2,Dy | 7GERMANIUM 
01,03 =2N697 
Q2 = 2NI132 


47k 3.3k 


SENSITIVE LOW-COST IC SWEEP—Will trigger = +28y = 

on as little as 200 mV from d-c to over 10 

MHz. Input stage 1C1 serves as preamp and flip-flop IC3. Buffer IC4 drives Q1 at inputs reaches 10 V, zener breaks down and initiates 
phase inverter to allow selection of positive- above 1 MHz. Resultant sawtooth has good _—retrace.—E. Fever, Sweep Circuit Triggers On 
or negative-slope triggering. Schmitt trigger linearity, with sweep speed of 0.5 4s when Only 200 Millivolts, Electronics, March 3, 1969, 
IC2 supplies fast-rising positive pulse to R-S C€ is 100 pF and R is 3K. When sawtooth p 96~97. 
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Qs 


iz : DELAY 
Ew 


Eout 


A — INPUT 
8B - OUTPUT WITH NO DELAY 
C — OUTPUT WITH SMALL DELAY 
~6¥ D — OUTPUT WITH MULTICYCLE DELAY 
RAMP SLOPE CONTROL—Complex ramp func- ity. Ramp duration can be varied from sev- ing C! at rate set by RI, to control slope.— 
tion generator for multiple-axis cro scanning eral hundred ns to several hundred us, by 4. Downey, Capacitor Discharge Sets Shape of 
provides 50:1 range of slope adjustment for changing duration of input pulse. Uses con- Ramp Function, Electronics, Dec. 8, 1969, p 90. 


ramp segments without affecting their linear- stant-current generator Q1-Q2 for discharg- 


SWEEP CONTROLS RELAY TURN-ON TIME— 


SAWTOOTH GENERATOR CIRCUITS 


2NH30 


CURRENT SWEEP—Chief function of transistor 
is that of switch. When transistor is on, cur- 
rent flows from battery through inductor into 
collector. Current increases with maximum 
linearity at about 2,500 pps for values 
shown, Transistor opens during flyback time 
of sawtooth output. Book gives design pro- 


cedure for obtaining maximum linearity.— 
Circuits,’ 


A. C. Gillie, “Pulse and Logic 
McGraw-Hill, N.Y., 1968, p 268. 
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SWEEP GENERATOR 
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SWEEP 
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repeatability. 


With values shown and 50-uF 
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Ot 15 Voite 


Eo = 022x° 


~ 15 ¥ 
b 15 Voits 


TIME RAMP—Generates ramp to simulate time 
as Y input, to give output voltage that is 
equal to constant multiplied by X input hav-~ 
ing time (Y) as exponent. Ramp begins 
when switch is opened and ends when switch 
is closed to discharge C. Switching transistor 
may be used instead of actual switch con- 
tacts.—Time as an Exponent, Optical Elec- 
tronics, Tucson, Ariz., No. 10101. 


1-KHZ SYNCHRONIZED NEON—Adjust 50K 
control for proper synchronization with 50- 
ws input pulse.—W. G. Miller, “Using and 
Understanding Miniature Neon Lamps,” H. W. 
Sams & Co., Indianapolis, Ind., 1969, p 41. 


+10v 


FLIP-FLOP 
\ 0 


SET RESET 


TRIGGER 
INPUT 


+24y 


RELAY 
SCRo OUTPUT 
2N8BS 


RESET (N.C.) 


fixed relay turn-on-time.—S. Weisman, One 


Transistor Sweeps Clean, Efectronics, June 12, 
1967, p 106—109. 


charging capacitor in sweep generator, relay 
delay can be varied from 50 ms to 5 s plus 


Length of generated sweep determines turn- 
on time of time-delay relay with excellent 
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400cPs 
lav 


SWEEP OUTPUT 


BOOTSTRAP WITH CAPACITOR FEEDBACK— 
Eliminates need for negative supply, makes 
frequency largely independent of supply volt- 
age, and improves linearity of sawtooth 
output.—T. P. Sylvan, The Unijunction Tran- LINEAR SWEEP-Single-transistor constant- 
sistor Characteristics and Applications, Gen- current sweep using minimum of components 
eral Electric, Syracuse, N.Y., No. 90.10, 1965, provides output comparable to that of 
p 48, complex feedback-type generators. RI is 
typically 1,000 ohms, in series with slope- 
adjusting potentiometer of around 10K. Sup- circuits using this versatile basic sweep.--S. 
ply voltages can be 10 V. Article gives de- Weisman, One Transistor Sweeps Clean, Flec- 
sign equations and five examples of other tronics, June 12, 1967, p 106-109, 


+160V 


T2-27-IRIOO 


OuT 
o + 25V 
3.3 BOOTSTRAP WITH ZENER FEEDBACK~—Ar- 
MEG. rangement improves linearity of ujt sawtooth 
generator that drives any npn_ emitter-fol- 
lower output stage. Capacitor charging cur- 
rent is held constant over complete cycle. 
Output transistor also serves as driver for 
bootstrap circuit,—T, P. Sylvan, The Unijunc- 


T2-27-IRI00 


SAWTOOTH FROM TWO NEONS-—Symmetrical 
output from duat-neon retaxation osciflator 


reduces power supply ripple and noise, and tion Transistor Characteristics and Applice- 


gives twice the voltage of single neon cir- tions, General Electric, Syracuse, N.Y., No. 
cuit.—-E. Bauman, “Applications of Neon 90.10, 1965, p 48. d ~10V 
.10, F 5 


Lamps and Gas Discharge Tubes,” Signalite, (D) BOOTSTRAP CIRCUIT WITH 
Neptune, N.J., p 36. ZENER DIODE FEEDBACK 


SWEEP 
RESET 
SWEEP 
OFF 
FAST 
SWEEP 


SLOW 
SWEEP 


+H10¥ 


SWEEP 
OUTPUT 


SWEEP 
QUTPUT 


ql 


SWEEP GENERATOR 


NOTE: 
"o"= 0 VOLTS 
“2 4410 VOLTS 


SWEEP OFF 


FLIP- 
FLop . 9 


Set RESET 


SWEEP RESET 


SWEEP OFF 

FAST SWEEP 

SLOW SWEEP 
DIGITALLY CONTROLLED SWEEP—Digital sig- ing capacitor in sweep, slow sweep is 10 ms trol signals,—S. Weisman, One Transistor 
nals can reset linear sweep, change its slope, and fast sweep is 1 ms. Sweep slopes can Sweeps Clean, Electronics, June 12, 1967, p 


or tuen it off at any level. With 1-F charg- be changed to form complex timing and con- 106-109. 


SAWTOOTH GENERATOR CIRCUITS 


CONSTANT AMPLITUDE—Feedback amplifier 
compares peak voltage of ramp with refer- 
ence set by 25K pot and uses error to control 
charging current. Ramp height is thus kept 
constant regardless of variations in trigger 


ALL DIODES 1N662 [RAMP 


70S 


values shown, 


frequency. For 
range is 10 Hz to I kHz for constant output 


frequency 


within 5%. When combined with compara- 


tor set between 0 and 100% of ramp ampli- 
tude, can also serve as frequency-compen~ 


sated phase delay.—P. R. Adby, Sawtooth 
Generator Delivers Constant Peak Voltage, 
Electronics, March 3, 1969, p 97. 


-20¥ 


PULSE 


OUTPUT 
GND 


-20¥ —~ 


wie F 


MILLER-EFFECT RAMP GENERATOR—Simultane- 
ously generates train of positive-going wave- 
forms and train of negative-going square 
waves, 


OUTPUT GND 
rey 4 es 


{Fs 


loading. Article gives design equations and a 

describes circuit operation in detail. QI-Q2_ circuit, and put out gating pulses as by- 
are in Miller-effect ramp generator, and other product.—G. Marosi, Gain-Multiplied Capaci- 
transistors are in differential Schmitt trigger tance Generates Ramp Waveform, Electronics, 
that can terminate ramp at any point, reset March 6, 1967, p 130-131. 


Ramp is linear to within 0.5%, re- 
quires no clipping, and is not distorted by 
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‘SAWTOOTH 
OUTPUT 


10 KHZ WITH REGENERATIVE TRIGGER DIODE 
Allows use of relatively low supply volt- 
ages, to reduce circuit dissipation and lower 
voltage rating of capacitor. Fairchild FT805 
trigger diode in scr relaxation oscillator gives 
high efficiency in comparison with circuits 
using three-layer triggers. May be synchro- 
nized with external reference frequency by 
feeding positive sync pulses directly to gate of 
trigger diode. Gives either pulse or saw- 
tooth output.—M. Cottrell, Trigger-Diode Sim- 
plifies Efficient Generation of Sawtooths and 
Pulses, FEE, March 1968, p 130. 


10-V LINEAR SWEEP—Combination of fet and 
#ATO9 opamp gives highly linear triggered 
sweep with very low dmc offset, along with 
blanking output for cro. Schmitt trigger at 
input drives Q3 and Q4 to provide unblank- 
ing output and to initiate sweep by unclamp- 
ing fet Q5, Q6 is buffer for low-impedance 
load. Provides sweep speeds from 1 Hz to 
100 kHz, depending on values of C, R, and 
R’.~D, A, Meyer, Triggered Sweep Features 
Low D.C Offset, FEE, Nov. 1969, p 106, 


ACTIVE LOAD SPEEDS FLYBACK—Load resistor 
of Miller sweep is replaced by common-base 
transistor serving as active load, to reduce 
flyback time and improve linearity. Tran- 
sistor acts as current source drawing only a 
few mA of collector current while providing 


ELECTRONIC 


vr 
+24 


500—2,000 HZ FREQUENCY SWEEP—Cascaded 
ujt relaxation oscillators provide highly linear 
frequency sweep output that can be passed 
through narrow bandpass filter to produce 
short-duration signal. Q1 generates low- 
frequency sawtogth that controls higher-fre- 
quency sawtooth of Q3. Second stage must 
usually be at least 10 times frequency of first 


Q 


TRIGGER 2nzez2, ae da 
INPUT i) 
Ss 
10k 
tk 


2N2907 


ao) 
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STAGE 2 


STAGE | 


stage. First stage determines repetition rate 
and frequency range of swept output, while 
second stage determines amplitude of its 
generated higher-frequency sawtooth wave- 
form.—R. Smith, Jr., Cascade UJT Oscillator 
Generates Linear Frequency Sweeps, EEE, April 
1968, p 106~107. 


BLANKING 
OUTPUT 


Q4 
2N2906 


Positive 


megohms of dynamic impedance. 
gating pulse makes Q4 charge C through D2 


and switching transistor Q1. When pulse 
goes negative, Q3 is turned on and C dis- 


2N290 


IK. 


charges ta start Miller rundown at collector of 
Q3.—D, K. Basu and B. Nag, Improved Miller 
Sweep Uses an Active Load, Electronics, March 
31, 1969, p 86. 
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INDEPENDENTLY VARIABLE—Dual ujf multivi- 
brator generates wayeforms with two differ- 
ent repetition rates alternately when R3 is 
moved away from midpoint. Can be used 
as fone generator for electronic organ. If 
used as dual-rate horizontal sweep for oscil- 
loscope, rectangular waveforms at base-2 of 
ujt’s can drive electronic switches that apply 
the signals under observation alternately to 
vertical input of scope.—F. H. Tooker, Dual- 
Rate Sawtooth Generator, Electronies World, 
May 1969, p 74. 


2Ni372 


ASTABLE-MVBR SAWTOOTH—RC is adjusted 
until sawtooth waveform across CC has its - 
most linear rise and fall, Common-collector =oy 
amplifier T3 provides isolation between CC ac 
and output.—A. C. Gillie, “Pulse and Logic 
Circuits,” McGraw-Hill, N.Y., 1968, p 280. 


“9¥ 
(-3.6 ma} 


FREQUENCY TUNING 


Rg 
INVERT. 


OUTPUT 
Trigger 4, 
INPUT (-3.6ma) 
Ov 


DRIVER FOR PORTABLE SCOPE—Covers 6 Hz running frequencies are determined by capac- large enough to remain almost fully charged 
to 450 kHz in 5 ranges, with good sawtooth itor values: C3 = 8 uF for 6~48 Hz; C4 = over complete sweep cycle.—C. C. Hoo, oe 
slope linearity and constant amplitude. Trig- 0.68 uF for 47-630 Hz; C5 = 0.068 uF for tooth Generator Drives generar e, 
ger input must be 0.5 to 5 Vrms. Transistors 470—5,900 Hz; C6 == 6,800 pF for 47-59 Electronics, Sept. 19, 1966, p 124-125, 
are AFI17 germanium-alloy diffused. Free- kHz; C7 = 560 pF for 50-450 kHz. C8 is 


NOTE: To locate additional circuits in the category of this chapter, use the index at the back 
of this book. Check also the author's “Sourcebook of Electronic Circuits,” published by 


McGraw-Hill in 1968. 


CHAPTER 76 
Servo Circuits 


417 VAG 


MOTOR 

ARMATURE 
GR}, CRe, SCR,SCR2: AS REQUIRED BY LOAD 

33K Re: Ik 6) : Olt 
Re: 3x HSE NOTE R7: 470, QI: GE2N2646 
R3: 33K,2W Rg: 25009 CR4: GE INI77S 
Rg: 33K,2W Rg: 4720 CRs-a: GE INI695 
Rg: 2MEGOHMS — Rig: 470 GR3: GE INI692 

BALANCED-BRIDGE REVERSING SERVO— 


Phase-sensitive servo drive supplies revers« 
ible half-wave power to armature of small 
p-m or shunt motor. RI can be GE B425B 
photoconductor, GE 1D301 thermistor, posi- 
tion-sensing pot, or output from control am- 
plifier—“SCR Manual,” 4th Edition, General 
Electric, 1967, p 217—218. 


24k 
2N3499 
HEAT 
C1 SINK 
5 ur 
E Qi a2 c4 
INPUT o— 2N2222A + a 
25 100 uF) 
R4 + C3 R7 
430 10 UF 510 
TW 
ae 10V 
3k ° 


i/-— WA 


NYQUIST PLOT GENERATOR—Uses Fairchild 
IC opamps to insert disturbance in feedback 
path of closed-loop serve system to measure 
open-loop response in system that cannot be 
operated under open-loop conditions. Ny~ 
quist plot is then readily made.—R. W, Alling~ 
ton, The Integrated Operational Amplifier: A 
Versatile and Economical Circuit, “Microelec- 
tronic Design,” Hayden Book Co., N.Y., 1966, 
p 189-194, 


+28 V 


T2 


a3 Ns1 
2N3767 RL 
1.76 k 


7.5-W WIDEBAND TRANSFORMER-COUPLED— 
Drives smalf a-c motor RL from a-c signal 
whose frequency may range from 50 to 5,000 
Hz. Use of common-collector (emitter-fol- 
lower) stage to provide low-source-impedance 
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drive for transformer keeps phase shift below 
10 deg over frequency range handled, to pre« 
vent instability. Feedback is derived from 
separate winding rather than from foad or 


moter winding. Book gives transformer 
winding data.—’Semiconductor Power Circuits 
Handbook,” Motorola, Phoenix, Ariz., 1968, 


p 5-11. 


POSITION 
ERROR 
VOLTAGE 


SERVO 
AMR 


ERROR-RATE 
FEEDBACK 


6-W TRANSFORMERLESS SERVO—Suitable for 
driving control winding of 400-Hz two-phase 
size 15 servomotor. Class B push-pull out- 
put stage uses 211479 transistors, Other 
four transistors can be either ZT20 or ZT40. 
With bulky output and driver transformers 
eliminated, amplifier is compact as well as 
low in cost. Report includes design proce- 
dure.—6 Watt-400 c/s Transformerless Servo- 
Amplifier using Silicon Transistors, Ferranti 
Ltd., Oldham, Lancs., England, No. 13, 1965. 
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252 


CONTROL PHASE 
OF KEARFOTT 
118-2 SERVOMOTOR 


R2312 | 
X rag {AT 400% 


TOROID-BRIDGE TACHOMETER—Serves as in- 
expensive equivalent of tachameter generator 
in generating error-rate-feedback signals for 
servomotor loop. Bridge pot is adjusted for 
precise null with motor stalled. Circuit can 
be used only if there is no common connec= 
tion from input of amplifier to output and if 
amplifier has sufficient gain and power out- 
put to compensate for bridge losses.—F. Close, 
Error-Rate Feedback Generation in Servomotor 
Handled by Toroid, Electronic Design, April 
12, 1965, p 50. 


+1ev 


INPUT 
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TWO 20 VOLT 
WINDINGS IN 
SERIES 


12V 


bo 
1N3879 


010 
1N3879 


+loY 
R6 
1W 1W 
9 
R26 pie: Rod 
1002 
D1 aya 222% 2k yo00 
1N4738 10k a 
Qa Os 
R2 02 
Bt 1N4001 Re (e) () 
=. 47k tN Ww 
MPS | R28¢ MPS as 
R20 
10k 6533] 4.7 «3 6533 
i; R3 
0 AAA- 
20 k Th 
RB (i 
R14 INSo32 2202 at 
R1 Beet sy 2k R16 R22 R292 R30 
INPUT 1k 1k 1 Ke 2W 220 
20k aN 2w 
2N4123 Re <1 Rat 
1N4001 10k tk 
3 
° 1 p 510 pF 
Pd tae 
0.33 pF ‘Da R12 RiG R23 % 
1N5237 2k 3.9k aan 
MPS 
6521 
ak 
= Cte) 
as Soa 
PWM DIRECT-COUPLED AMPLIFIER—Input volt- R24 R25 
age of Schmitt trigger Q1-Q2 is that across Coe aa Ae 1002 21000 
Cl, used with RI, R2, and R3 to integrate volt. iW Iw 
ages applied to these resistors, Reference 


voltage across R2 sets duty cycle of output 
waveform at 50% when there is no input. 
Schmitt drives signal-splitter Q3, which fur- 


+. 


nishes feedback voltage to input through R3, 
and feeds output drivers Q4-Q5 and Q6-Q7. 


12V 


—"Semiconductor Power Circuits Handbook,” 
Motorola, Phoenix, Ariz., 1968, p 5—26. 
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Qi 
2N3498 


7.5-W TRANSFORMER-COUPLED—Designed to 
drive small a-c motors, Provides stable volt- 
age gain of 100 with only three transistors. 
C2 tunes driver transformer primary to mini- 


mize phase shift, for applications where op~ 
erating frequency is nearly constant, Feed- 
back for amplifier is derived from separate 
winding rather than from load or motor wind- 


OPAMP-FET MULTIPLIER-DIVIDER—Fet’s serve 
as input and feedback resistors for IC opamp. 
Voltage multiplication range is 15:1 with 
fixed bias on fet at left, representing input 
resistor. Division range is 1:1/30 when bias 
of feedback fet at right is fixed. These 
values correspond to 30 dB of age range, 
which is suitable for use as age of servo 
error command. Input voltages for multi- 
plying or dividing can be 0.1 to 1.5 V.—E. 
Hoelken, FET Feedback Configurations Pro- 
vide Accurate Logic Functions, Electronic De-~ 
sign, Dec. 21, 1964, p 52-54. 


1N4001 
(2) 


2N3904 
(2) 


INPUT 
C1 tur SV 


Rt 
20k 


10-W COMPLEMENTARY-OUTPUT—Designed 
for servo motors requiring 20 V rms. Re- 
quires no transformers. Use of direct coup- 
ling throughout permits driving d-c servos as 
well, provided that Cl and C3 are shorted. 
Voltage gain is 37 dB.—’‘Semiconductor Power 
Circuits Handbook,” Motorola, Phoenix, Ariz., 
1968, p 5-15. 


ie] 
& 


WH----------- 


ing. Book gives winding data for both 
transformers.—Semiconductor Power Circuits 
Handbook,” Motorola, Phoenix, Ariz., 1968, 
p 5-10. 


Q7z7 
2N3767 


~30 V 
—o 


2R 
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11 


—18y 
A-C INPUT 


ry (Vp + Vp) Sr, BR, 
2.5v AS Vp 
L vy-vpl— 
Vp < Vz ‘ Oy oe Q12 Rs 
Vp =~ 7V Te Res 7S, Ree 
+18 v sisal a 
Q, Rg} Qe Ry | Q3 Ry | Q4 Ra | Q5 Ral Ry 
+. + | 
Rs Rs Rs Rs Rs Rs =e ‘@ 
D1 De Ds Da Ds De\ ic 
— ——— / (MOST 
DIGITAL INPUT ov ane 
ce “12v 
Ry = 2.2k Rag = 1.0m C= O.1ut 
Ro = 2.7k Rs = 5.6k QO; — Oyo = 2N3644 
Ra= 1.5k R = 1,0k FREQUENCY -~1 Mhz 
LADDER-TYPE CONVERTER—Delivers a-c out. supplying most significant bit Q12 with a-c ment binary input code.—D, J. Gawlowlez and 


put with amplitude proportional to weight of 
set of binary inputs, for use in o-c servo sys- 


tem. Circuit can be made phase-sensitive by 


voltage 180 deg out of phase but with same 
amplitude and frequency as that used for 
other bits. This. permits use of two's comple- 


R7 5k 


R. A. Fisher, Ladder Network Converts Binary 
Input to A-C Output, Electronics, July 7, 1969, 
p 106-107, 


+160 


DRIVER 


T1 PRIMARY: 
SECONDARIES: 
CORE: 


7.5-W 115-V RMS COMPLEMENTARY-OUTPUT 
—Uses high-voltage transistors to deliver high 
output voltage to load RL without using out- 
put transformer. This reduces phase-shift 
problems and permits operation from a-c line 


500T #38 
250 T #28 Bifilar Wound j 25 uF 
ARNOLD E1-625 = 


WA 
0.4 nF/200 V 


v1 


OUTPUT 
without power transformer. R9 and RIO 
should be adjusted so quiescent current of 
each output transistor does not exceed 15 mA 
at 100 C. Amplifier has good linearity up to 


Drive loop R11 
4.3 
Ss askacreelcitadenseigunsingaet 


a3 
MJE340 


PL 


MJE340 


rated output voltage. Frequency response is 
down only 1 dB from 95 to 2,000 Hz.—“Semi- 
conductor Power Circuits Handbook,’ Moto- 
rola, Phoenix, Ariz., 1968, p 5-19. 


T12 
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VARIABLE COMMON-MODE LEVEL~With d-c 
servo amplifier shown, using Burr-Brown dif» 
ferential-input amplifier package, common- 
mode voltage will vary from —10 V to +10 
V as servo follows input voltage. In this 
arrangement, common-mode rejection may be 
trimmed up with R for operation at a particu- 
lar gain, but error from common-mode input 
cannot be trimmed out by adjusting offset 
voltage.—-fnstrument Amplifiers, Burr-Brown 
Research, Tucson, Ariz., PDS-207C, 1969, 


Common 


DC Servo 
Motor 


-10 Vdeo 


—> 

> —>' 
SSL SC 

—> > 

—> ep 


AMPTRAP = SW 
FUSE 


To ld00Vv 
FIELD OC 


47K 2.7K K 


M15 VOLT LINE 
60 CYCLE 


115 112.6 


REVERSIBLE 
MOTOR 


& POTTER & BRUMFIELD 
MRDS~962 12VDC 


ALL RESISTORS i WW, 


SSL CONTROL~Photocells in two Schmitt trig- 
gers coupled back-to-back are energized by 
solid-state lamps, Under steady-state con- 
ditions, both photocells are illuminated by 
lamps, relays are deenergized, and no voltage 
is applied to d«¢ motor. When light on 
either photocell is interrupted, corresponding 
relay pulls in and applies voltage to drive 
motor in one direction.—t. M. Hertz, Solid 
State Lamps—Part II, General Electric, Cleve- 


SCR-( 


i= 
BAND 
100K 
RY RT EE | 
pemeez TT 


VICKERS 
SP-130 


SCR 2) 0-350 


C-350 


PHASE lov DC 
PULSE 0.31 AMP 


. land, Ohio, No. 3-0121, 1970, p 24, 


MOTOR. 
DIEHL 
Fp 84-25-1 


FIELD 


+ 


7 oe ‘i INIG92's 


a PRE-AMPLIFIER 


O 
DC CONTROL 
INi¢92’s SIGNAL 

O 


TACH FEEDBACK 


30 REVERSALS PER S—Pair of ser’s can pro- 
vide acceleration of dec shunt-wound  ser- 
vomotor up to 5,300 radians per s and up to 


30 complete reversals of armature current 
at 60 Hz (120 at 400 Hz). Article describes 
circuit operation in detail,—W. J. Brown and 


N. G. Muskovac, Compact Servoamp Has Fast 
Response, Electronic Design, Feb. 17, 1964, p 
96-99. 
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REVERSING DRIVE WITH D-C CONTROL~Po- 


R 
] tocanean SERIES REVERSIBLE sitioning servo drive provides adjustment of 
5K CR4 ae balance, gain, and deadband. Polarity of 
. 7 6-V_ dec control signal determines direction 


ARMATURE of rotation. Mechanical contre! may be ap- 
plied to balance control. Alternatively, pair 
of resistance transducers may be substituted 
for balance control, to give control either by 
light or temperature.—F. W. Gutzwiller and 
sc-41B E. K. Howell, Economy Power Semiconductor 
Applications, General Electric, Syracuse, N.Y., 
No, 671.1, 1965, p 24. 


1, RA-OSK 
BALANCE" 


OUTPUT 
F#VOLTAGE 


* 


(SLOPE) GAIN 


VOLTAGE VV. 
BALANCE R2 10k 


+ 

DEADBAND CONTROL Vte+18V 
= 

iak Ol pF 


“ft 


C2 1000 pF 


30-W SERVO AMPLIFIER—Uses Motorola am- 
plifier providing 70 dB current gain and unity 
voltage gain, preceded by MC1439 opamp 
providing high voltage gain.—Power Booster 
MC1438R, Motorola, Phoenix, Ariz., ADI-14R1, 
1969, 


Vin © 


MJE105 
of aqui 


10 


i 


26v 
TRI Control winding 
cl RQ - 
as : 
We c4 
32 me 
p nar vey 
Rid 
ia 
ke 400 
cis 
ce Reference 
{| f 
40 pF TRS eneely 
elmer 
R2 R4 R5 R? 2 
12 820 BS 5 ) 
kQ ka kn kQ 
o + —+ dt + 


26-V 400-HZ DRIVE FOR OB, 10, AND 11 transistors. Suitable for systems using ve- motor.—Applications of the BFY50, BFY51 


SERVOS—Provides 35 dB voltage gain when locity feedback, but not those depending on and BFYS52, Philips, Pub. Dept., Elcoma Div., 
using BFY51 for TRI and BFY52 for other inherent viscous damping characteristics of Eindhoven, The Netherlands, No. 428, 1965. 
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+18y 


Qs 
2N3499 


aa a igs 
44Sy RMS 

+Hi8y 

—18v 
400 hz 


: 


—{8v 


= —18y - 
SQUARE WAVES FROM 400-HZ LINE~Provides of servo control amplifiers in ships and air- metrical Switch, Electronics, May 13, 1968, 
highly accurate and stable frequency, with craft having 400-Hz power.—H. W. Candel, p 74, 
high peak voltage, for demodulating ovtput Sine Waves Become Square, With A Sym- 


HV eee H12V 


DISCRIMINATOR—Gives linear changes in out- 

put voltage for changes in input duty cycle. 

Output is independent of amplitude of input R 
pulses because QU and Q2 are operated in Ei 39K 
switching mode. Used in self-balancing servo 6V 

loop in which R2 was pot geared to servo- SAE ed 
motor. Output voltage swings between fixed 

positive and negative voltages, with average 

value therefore depending on duty cycle.— 

P, Cutler, Pulse-Width Discriminator, EEE, Nov. 

1966, p 152—153. 


Eade 
SMOOTHING 
FILTER 


+35 V 


2N3790 


a4 


INPUT 


D1 
1N4735 


e) 

~35V 
28-W 28-V D-C—Can drive 1-A load, Dif- tive feedback, Gain is about 22. Second complementary-transistor connection.—“Semi- 
ferential amplifier Q1-Q3 receives other input stage, Q4-Q5, is differential-to-single-ended conductor Power Circuits Handbook,” Moto- 
from amplifier output through R8, for nega- converter. Both driver and output stages use rola, Phoenix, Ariz, 1968, p 5—23. 
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6-W 400-HZ AMPLIFIER—Upper transistor 
handles positive half-cycles of output signal 
and lower transistor handles negative half- 
cycles, so voltage swings are equal at motor, 
Values: RI 68K; R2 5.6K; R3 56; R4 560; R5 


+FAST O 


+SLOW O 
10k 


-FASTO MANUAL 
° 


-SLOWO 


VW15 


OUTPUT 
TO 
CONTROL, 
PHASE 
Ri OF 
MOTOR 


3.3K; R6-R7 18K; R8-R9 400; R10-R11 4; Cl 
10 LF; C2 47 pF; C3 20 uF; C4 500 uF; Ti 
1,500 turns primary and 225 turns each sec- 
ondary bifilar wound.--“Transistor Manual,” 
RCA, Harrison, N.J., SC-13, p 529. 


VELOCITY SERVO INTERFACE—Required when 

system must provide bidirectional rotation for 

both analog and digital inputs, with positive 
10k voltage providing drive in one direction and 
negative voltage in other direction. Combi- 
nation of two opamps accepts either input 
logic levels from digital circuits or bipolar 
manual input such as from speed control, for 
either fast or slow motion in either direction. 
Manual input can be continuously variable 
from 15 V to +15 V, while other four 
inputs take 5-V logic. Output ranges from 
—10 V to +10 V.—J. E. McAlister, Bipolar 
Analog/Digital Interface for Servos, FFF, July 
1970, p 85—86. 


O 
OUTPUT 


“15 


NOTE: To locate additional circuits in the category of this chapter, use the index at the back 
of this book. Check also the author's “Sourcebook of Electronic Circuits,” published by 
McGrawsHill in 1968. 


CHAPTER 77 


Shift Register Circuits 


(NI692 


(6Vv 
2N2T14 


O+i8V 


2N2868 
INTERRUPTED 


fT 5 To REGISTER 
las (10 AMP MAX} 


¢ 

Ra 
A K 
Fait rm 


clock pulses "out of n" pulses 


now 


© 


SHIFT PULSE LINE TO REGISTER 


SL 


DARLINGTON DRIVER—Shift pulse input sat- 
urates lower 2N2714, depriving Darlington 
combination (above it) of base drive. Re- 
sulting negative pulse on 15-V line is differ~ 
entiated to give desired positive output trig- 
ger pulse at its trailing edge, for driving 
shift register. Required 16-V power supply 
is synthesized from 18 V by using 1N1692 
rectifiers.—Planar Silicon Controlled Switch 


. 3N84/3N85, General Electric, Syracuse, N.Y., 


No. 65.18, 1964. 


St 
wv 


decoder 


deivne 


binary coded 
information from 
shift register 


SYNCHRONIZED DYNAMIC DRIVE FOR INDI. ~ 
CATORS—Will display information contained 


in shift register, Clock pulses (10 kHz) sup- 
plied to FCJ111 flip-flop provide synchroni- 
zation so each digit is displayed by correct 
indicator tube.—D. J. G. Janssen, A. G. Kor- 
teling, and P. H. G. van Vlodrop, Cold 
Cathode Numerical Indicator Tubes, Philips, 
Pub, Dept., Elcoma Div., Eindhoven, The 
Netherlands, No. 327, 1968. 
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Cy 
c2 


C3 


CW, C11...Cn1 = 


TRI, TR2 
TRIO, TR11...TRn1 = 516BSY 


All diodes type BAX16 


Ri = 10k? 
= 10 nF Ro = 1010 
= 10nF R3 = 10K) 
R4 = 10k) 
= 100 nF RS = 2700, 
R6 = Wk 
1aF R10, R1.Rn1 = (10 kD 
= BCY72 R20, R21...Rn2 = 150 
R30, R31...Rn3 = 3.3K) 


SHIFT REGISTER CIRCUITS 


“1 


30mm E-core | 
5690 207/361 
airgap 2xdamm 1 


RS SOOt 
(ES 30H 


T17 


-1y 
PI 7potcore 
K 300231 


4 av 
ram 


Lorord core 
5859140/6E Nt 


Pill? poteore = 2782 


i= 


MAGNETIC-CORE PULSE GENERATOR—Used to 
supply 12-us 3-mA current pulses to vertical 
wires in shift register. Rise time of 0.15 us 
is independent of number of cores to be 


100K BOMA @ I4V 


FROM 
PREVIOUS 
STAGE 


SHIFT 
PULSE 


SHIFT LEFT 


CLOCK O 


SHIFT RIGHT 5 


Ed 
SERIAL-ENTRY BINARY—Used for storing and 
transferring binary numbers in or out in 
either direction (left-right) one at a time, 


12-V supply.—J, P. Viam, A Coincident-Cur. 
rent Magnetic-Core Shift Register, Philips, 
Pub, Dept.,, Elcoma Div., Eindhoven, The 
Netherlands, No. 825, 1965. 


”, 
driven. Each transistor is part of triggered 
blocking oscillator using square-loop ferrite 


cores as transformers. Circuit requires only 


2 +18V 
BASIC SCS STAGE—Planar scs gives immunity 
to voltage transients without affecting trig- 


© INTERRUPTED 3 
100K +15V gering sensitivity or transient response time. 
Shift pulse from driver should be less than 
7 TO NEXT 15 V. Anode supply is interrupted prior to 
STAGE each shift pulse to turn off all stages. Stored 


capacitor charge determines which stages will 
be retriggered.—Planar Silicon Controlled 
Switch 3N84/3N85, General Electric, Syracuse, 


Teal N.Y., No. 65.18, 1964, 


OR IN4IS4 


Mode 


No Shift 
Shift Right 
Shift Lefr 
Not Allowed 


#1/4 GOA for 6 bits or jess. Shift Lett 


(72 6§9A for 7 to (8 bits 


Shift Right 


Clock Rates to 5 MHz. 


clock rates up to 5 MHz.—SP/ST600-Series De- 
sign Data and Applications, Signetics, Sunny- 
vale, Cal., 1966, AN108. 


with direction depending on which shift line 
is high at clock time. Uses Signetics IC gates 
and J-K binary iC elements. Will operate at 
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ELECTRONIC CIRCUITS 


TRIGGER FOR RUNNING TEXT DISPLAY—Used 
for writing information inte shift register 
having neon trigger tubes serving also as 
lamps for running-text display. Function of 
S1 is normally performed by punched paper 
tape reader containing text for display.—J. 
G, M. Thaens and P. H. G. van Vlodrop, 
Running Text Display with Cold-Cathode Trig- 
ger Tubes, Electronic Applications, Philips, 
Pub. Dept., Elcoma Div., Eindhoven, The 
Netherlands, Vol. 27, No. 3, 1966~1967, p 


MANUAL 


extinction 
puise 


to information input 


92—102. 


extinction pulse 
Vg = +320V 


information input 
©) 


a 


R, 100 kQ, WH 5% 
Ry 2.2MQ,4W +10% 
R; 10 kQ,4W+ 5% 
Re 82 kQ,4WH 5% 
Rs 10M2,4W 410% 
Re 22 kQ,4 we 5% 
R, 3.3 kQ,1W 4 5% 


cr 
[iene ee ee ee 
ignition putse = 
Ry, Ry, R13 82 kQ, 4W, Cy -C5 
Ra, Re, Ris 22 kQ, 4W, C; 
R3, Rios Rio, Dy- Days 
Ra, Rio, Riz DMD: a 1° Va 
Rey Tew Ria 10MQ, $W + 10% 
Re, Ris, Ris 10 kQ, 4 W, 
Ri6 100 kM, 3W, 


SHIFT REGISTER FOR RUNNING TEXT—Used 
to activate one of seven rows of neon-filled 
trigger tubes on which moving letters are 
formed in 5-by-7 matrix. Neons serve also 
as switching elements V1-Vn of shift register, 
because ZC1050 neon trigger has pure molyb- 


denum cathode and very high light output. 
Other advantages are high switching speed, 
complete lack of afterglow, and guaranteed 
minimum life of 10,000 hours. Size of ma- 
trix is limited only by budget; seven rows 
are minimum for readable letters. Article 


Rg 4.7 kO, |W +5% 
C, 2.2nF + 10% 

C, 2.2nF + 10% 

Cz 220 nF + 10% 

C, 64uF + 20% 

D BYX10 

Vv ZC1050 


cé c7 


R15 


RIG 


22nF +15% 
410nF +£15% 
BYX10 
ZC1050 


gives all circuits and construction ‘details.—J. 
G. M. Thaens and P. H. G. van Viodrop, Run- 
ning Text Display with Cold-Cathode Trigger 
Tubes, Electronic Applications, Philips, Pub. 
Dept., Elcoma Div., Eindhoven, The Nether- 
lands, Vol. 27, No. 3, 1966-1967, p 92-102. 
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tev 47K 
2N2716 
TURN OFF LINE 

5-KHZ WITH UP TO 10 SCS STAGES—Shift 
pulse at input turns off all ses’s. Trailing 2N2T14 IN4009 
edge of turnoff pulse is differentiated for dL ° C) INFut, IK 
turning on appropriate stages. Will easily acu OOR+IV 
handle up to ten stages.—Planar Silicon Con- — py:i5 10 40us ne 
trolled Switch 3N81/3N82, General Electric, SHIFTING CIRCUITRY LAST STAGE 


Syracuse, N.Y., No. 65.16, 1964. 


+12V_ Y=O5A 


Set 


Is 
extinction 
pulse 


ignition 
pulse 


Transformer T: H20 core; secondary: 25 turns 0.35 mm diameter enamelied copper wire; primary: 
100 turns 6.28 mm diameter enamelled copper wire wound on top of and insulated from the secondary. 


© 

R, 5.6kQ, $W 
R, 27 9, $W 
Ry 10k2, ¢W 
Re 10k2, ¢W 
Rs 470 9 4W 
Re 100kQ, 4 W pot. 
Rz 470k9, ¢W 
Re 270k2, WwW 
Ry 15k, $W 
Rio 15k9, $W 
Ri; 220 9, 4W 
Rin 15k, FW 
Ris 22k9, $W 
Rig 15k, 4W 


SHIFT REGISTER DRIVER FOR RUNNING TEXT 
—Generates extinction and ignition pulses for 
driving shift register using neon trigger tubes 
that serve also as lamps for running-text dis- 
play. With switch $2a closed, each opera- 
tion of 51 makes Schmitt trigger TRI-TR2 pro- 
duce one positive-going pulse at collector of 


Rpg 22k9, W Roy 1kQ, JW 
Rig 2.2kQ, 4W Ryo 3.9kQ. 16W 
Riz 12kO, gW Rx, 10kQ, 16W 
Rig 10kQ, ¢W R32 10kQ, 4W 
Rig 470 2, 4W R33. 5kQ, 4W pot. 
Ryo 560 2, ¢W Ry, 1.5kQ, $W 
Ra, 10kK2, 4h R35 33k, ¥W 
Rog 10kQ, + W pot. Rye 1.5k9, 4W 
Ros «1kO, £W Ry, 330 Q, 4W 
Rr, 68kQ, $W Rye 33 2, BW 
Ros 4.7kQ, 4W 39 k9, 3.3 W 
Rye 560 2, 4W Rag fin parallel with 
Roy 27 2, 2W 68 kQ, IW 
Rag 1k2, FW Rag 15kQ, 55 6 


TR2. When S$2b is closed, this output pulse is 
amplified and inverted by TR3 and fed back 
to base of TRI, making circuit astable at 
repetition frequency adjustable by R6 from 
8 to 90 Hz. Article describes circuit opera- 
tion in detail. Values shown are for display 
having seven rows with 100 tubes each.—J. 


C, 2.5 uF electrolytic 


C2 1 uF electrolytic 

C; 4.4.uF polyester 

Cy 2.20F 

Cs 12 nF 

Cs 220 pF 

Cz 330 pF 

Ca 8.2 nF 

Cy 220nF 

Cro 3.3 NF 

CG , 1000 pF electrolytic 
12 3.3nF 


C;3 8.2 nF polyester 
Cig 40 pF electrolytic 
Cys 3.3nF 


G. M. Thaens and P. H. G. van Vlodrop, Run- 
ning Text Display with Cold-Cathode Trigger 
Tubes, Electronic Applications, Philips, Pub. 
Dept., Eleoma Div., Eindhoven, The Nether- 
lands, Vol. 27, No. 3, 1966-1967, p 92—102. 
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O 
ON 
OUTPUT 3-10 


TEN-STAGE CIRCUIT—Requires 2-V negative 
pulse at terminal 13 to change register to 
next stage. Required 10.6-V d-c supply is 
obtained from two diodes connected in series 


110v 
anc 


DIODES - 1N4004 


NOISE REJECTION—Can be used near factory 
production lines where electrical noise would 
cause false triggering of conventional shift 
registers if used to record data on compo= 


ERMINAL 


to 12-V supply. Each register stage is basi- 
cally two-transistor regenerative switch using 
npn and pnp transistors; if either starts to 
conduct, both are quickly driven into satura- 


B+ LINE 


RETRIGGER LINE 
TRANSISTORS ~ 2N3053 


nents passed or rejected by automatic testing 
machine. For 60-Hz line, maximum shift rate 
is 120-Hz power-supply ripple frequency. 
Higher shift rate can be obtained with higher 


ELECTRONIC CIRCUITS MANUAL 


C. = 100 microfarads, 10 volts, elec- 
trolytic 
C2C4Cs Cn = 0.05 microfarad, 50 
volts or greater 


C3 = 10 microfarads, 15 volts, elec- 
trolytic ; 
CR: CR: CRy = silicon diode, type 
: IN270 
Q: Q3 Qs Qn'= transistor, RCA 
SK3005 


Q:Q.Qn = transistor, RCA SK3010 

Ri Rz Ry = 1000 ohms, 1/2 watt, 
10% 

R2 = 47 ohms, 1/2 watt, 10% 

Rs: = 5600 ohms, 1/2 watt, 10% 

RsRs = 470 ohms, 1/2 watt, 10% 

ReRsRyv= 270 ohms, 1/2 watt, 10% 


tion by regenerative action. Load connected. 
to each output terminal should be under 1,000 
ohms and draw less than 200 mA.—“Hobby 
Circuits Manual,” RCA, Harrison, N.J., HM- 
90, p 56. 


SCR's — 2N5060 


line frequency if 0.05-uF scr coupling capaci- 
tors are reduced in value.—J. G. Silverman, 
SCR Shift Register Can Take a Lot of Noise, 
Electronics, June 23, 1969, p 104~105. 


SHIFT REGISTER CIRCUITS 


REGENERATIVE-SWITCH REGISTER—Each shift’ Ep 
register stage may be made regenerative by 
connecting points A and A’. Circuit con 
readily be adapted for other output current 
levels than 40-mA value obtained with 12 V 
for El and 9 V for E2. Values in parenthe- 
ses will give output level of 3 A with 27 V 
for El and 24 V for E2. With regenerative 
connection, may be used as ring counter, 
Can have any number of stages.—Transistor 
Manval,” RCA, Harrison, N.J., SC-13, p 530. 


SWITCHING 
TRANSISTOR 


Oe 


From shift register 


il 


Via cores C,--C,,(Fig9) 
to the free-running 
al oscillator(Fig.10) 


O V4 (+20V) 
SHIFT REGISTER TESTER—Square-wave genera- 
tor provides two separate waveforms, one 
representing information to be stored, and 


Se 


ry TYPE 

2NISO2 
Cq 

x 


the other representing writing pulses, for test- 
ing register at its maximum clock rate. 
sistors can be 2N797 for npn and 2N976 for 


REGISTER 
No, 2 


TYP! 
oad eas 
a 
2N301) 2N301) 


Get 


ray 


cal At) 
+ iy 
Rg 


OuTPUT BO 


ouTPuT AC) 


MAGNETIC-CORE SHIFT REGISTER—Used for 
storing information in desk calculators, Con- 
tents of magnetic cores are shifted sequen- 
tially by means of coincidence of two currents. 
Requires orily one core per bit. Operates in 
low-speed region, involving add or subtract 
time of about 10 ms and multiply or divide 
time of 100 ms. Blocking oscillators TR16 
and TR17 serve as switches triggered by 
pulses from shift register.—J. P. Vlam, A Co- 
incident-Current Magnetic-Core Shift Register, 
Philips, Pub. Dept., Elcoma Div., Eindhoven, 
The Netherlands, No. 825, 1965. 


ONORMAL OUTPUT 


Rg 
50 


Ro 
50 


QO INVERTED OUT 


DiS); 03:04:61 


Tran- 
Oct. 12, 1964, p 74~75, 


REGISTER 
No. N 


pnp.—P. Maestrini, Generator Tests Register 
At Maximum Clock Rates, Electronic Design, 


CHAPTER 78 


Single-Sideband Circuits 


VOICE-CONTROLLED BREAK-IN—Provides VOX 
operation along with positive anti-trip for ssb 
receiver. Receiver audio voltage, taken from 
voice coil, is applied to circuit through T2 
which may be almost any low-power tube to 
Voice-coil transformer. Interstage —_trans- 
former TI is not critical. Book gives con- 
struction and adjustment details.—L. O. Leigh, 
Universal Voice-Control Circuit, “Single Side- 
band for the Radio Amateur,” ARRL, Newing- 
ton, Conn,, 1965, p 231—232. 


H 


22 


BLOCKING VOLTAGE ANT. RELAY BLOCKING VOLTAGE 
TO TRANSMITTER CONTROL TO RECEIVER 


To 
RCVR. vOICe 3 
Coil 


VOX FOR SSB—Four-transistor unit provides 
delay adjustable from near zero to several 
seconds between time of last words spoken 
into mike and opening of relay that switches 
over to ssb transmitter. Includes anti-trip 


0-200 


6.3 


circuit that prevents triggering of VOX unit 
by sounds reaching mike from speaker.— 
Transistorized VOX, “The Radio Amateur’s 
Handbook,” ARRL, Newington, Conn., 1969, 
p 269-271, 


SINGLE-SIDEBAND CIRCUITS 


T23 


6-METER SSB TRANSMITTER—Complete  self- 
contained transmitter is designed to produce 
only 50-MHz (6-meter) ssb signal, eliminat- 


RAYSISTOR AVC CONTROL—Particularly use- 
ful in ssb suppressed-carrier receivers where 
normal ave will not operate because there is 
no carrier when there is no modulation. 
Audio output of receiver is fed into light 


ing need for band-changing switches. 
push-to-talk switch on mike. 


complete circuit description and construction 


Audlo 
Amplifier 
Stage 


Input From Output Transformer 


source of optaelectronic device, to vary resist- 
ance of photocell used in place of normal 
volume control. Has fast ON action (10 ms) 
and slow OFF action (800 ms), which is ideal 
for ssb receiver. For remote control, lamp 


Uses 
Atticle gives 


sia afk 
fs 
“S 
ee 


details.—C. Johnson, A Six Meter $, S. B. 
Transmitter, CQ, May 1965, p 26-31 and 104. 


250 V 


© Constant Level 
Audio Output 


may he energized by d-c voltage. Gives 
greater than 60 dB control range, for photo. 
cell resistance change from 200 ohms to 2 
meg.—Raysistor Optoelectronic Devices, Ray- 
theon, Quincy, Mass., 1967, p 10-11. 
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MONITOR~Two envelope detectors shielded ve 
from each other permit monitoring of ssb GANS 
voice signal or two-tone test signal on cro. 
Diodes are matched RCA 1N445B. Diagonal 
straight line on screen for voice modulation 
means no distortion, Input to horizontal ter- 
minal of cro may be taken from any linear 
stage preceding final amplifier.—”Electronic 
Circuits Handbook,” Vol. It, Cowan Pub. 
Corp., Port Washington, N.Y., 1966, p 52, 


TWO-TONE AUDIO—Provides choice of two 
different audio frequencies in range of 250 
to 2,000 Hz with good waveform, as required 
for ssb transmitter testing. CRI is 75-mA 
selenium rectifier and Li is 5 H at 50 mA. 
C¥W and C12 are 120 wF; C13 is 40 pF— 
R. F, Tschannen, Two-Tone Test Generator, 
“Single Sideband for the Radio Amateur,” 
SSB RING DEMODULATOR—Diodes can be ARRL, Newington, Conn., 1965, p 204-206. 
1N78B or any other having low front-back 
resistance, Performance is excellent if bfo 
signal injected through i-f transformer js clean 
and stable sine wave.—C, J. Schauers, SSB 
Ring Demodulator, CQ, June 1965, p 73. 


i ! 
1 


| 1 
1 
CONTROL i 
PULSE 


~f2v Tv Ov 
GATE 
CONTROL 


ALL DIODES FAIRCHILD BA 130 


MEMS{1A 
Dy ov 
AVC-LINE 

TO AVC LINE 
TIME CONTRO a AVC FOR SSB—Fet in enhancement mode pro- by external ujt relaxation oscillator, depends 
PULSES NAL C3 vides threshold action that maintains sensi- on whether mode of transmission is ssh, a-m, 
tivity of receiver to signals buried in noise, or c-w.—A, Aintila, FET Source Follower En- 
rwnw 0.047 pf with fast rise time required for avec. Opti- hances Single-Sideband, Electronics, Sept. 18, 


—>| ~~ mum repetition frequency of time-control 1967, p 106-107, 
T=O.1-4 see pulses that determine avc speed, generated 
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SHIELD 
: 6AZ8(F) sik! 6Aze(T) 0.66 
| 002 
FROM 9 MHz : a 4? 
BAL.MOD. 
220 FILTER e 9 
= 9MHz. bala 4700 
me + TO 9-MHz. 
7] -008 FILTER 
se 330K la 
2 560.0. AT out 
680 
7560 
oos | 
2 ah 
CLIPPING 
CEvet 
+ 125y, 
re ol a SR3OI 
SSB SPEECH CLIPPER~Designed to operate Ze } 
following 9-MHz balanced modulator of com- 7 x 
j H souf, = = 20m, 
mercial ssb transceiver. Increases average Ba-T Tee 
power as much as 20 dB, which means thai U7 Vv, 
high-level stages must have ample reserve Ag. 
power capability—“The Radio Amateur’s Gay. 
Handbook,” ARRL, Newington, Conn,, 1969, Cee 
PIN 4 
p 259, 
Wah 


vk = 
T-2 1 93296 T 
: T 
47 — 
wh 


18wh 18 vh 


4709 P1509 


Ty Ty #32 Bifilar Wound Toroid on Micrometals T-20-6 Core 


Ty #22 Bifilar Wound Toroid on Micrometals T-44-10 


10-W 30-MHZ SSB—Requires only three tran- order distortion products are more than 30 vide current feedback for stability —‘Circuits 
sistors to give overall power gain of 35 dB dB down from reference level. Unbypassed Manual,” Motorola, Phoenix, Ariz., 1965, p 
for ssb operation. On two-tone test, all odd- _—resistors in emitters of first two stages pro- + 12-3-2, 
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} 2N394 Ei 
+ 


Last If 


OUTPUT % 
JACK 


AN7O3 
By Zener 


49) fieg 
(Gptvona 


PRODUCT DETECTOR—Circvit works equally 
well on c-w and ssh. By switching out bfo, 
works on asm as well.—C, J. Schauers, Tran- 
sistorized Product Detector, CO, Nov, 1964, 
p 113. 


tone linearity measurements.—“A Modern 
TWO-TONE SSB TEST OSCILLATOR—Output Transistor Workbook,” Radio Shack, Boston, ql2v 
can be fed into ssb generator to make two- Mass., 1965, p 11. 


OuLf RFQ IN 
5O2kHz 
ote (2Vrms} 


Ld 


B TO i0V 
SAWTOOTH 
INPUT 


2NI305 2ni305 


Onlyf 
2ke 
AUDIO 
QUTPUT = 
ouTPUT 

450-475niie FET TETRODE PRODUCT DETECTOR—When 
o 500-kHz i-f signal is fed into one gate of fet 
aes and beat-frequency oscillator voltage into 
a2 other oscillator, output current is proportional 
z to product of the two voltages over wide dy« 
i i i bf 
TEST SWEEP FOR SSB FILTER—Gives sweep tal sideband filter between 460 and 466 kHz, "amie Tange. 2N3641 transistor isolates Bo 


Li~ MILLER #6300 


range of about 25 kHz for sawtooth input of wR. A. Genaille, Ferrite Coil and Crystal ee ie and desea apie nd ae 

about 8 V peak from any scope. Designed Sideband Filter, Electronics World, June 1967, Can be used in ss Me NEEL aan foes 

for checking passband characteristics of crys p 46-47 and 80-81, vere eet Uses FET Tetrode, , Sept. a 
p 146. 


INPUT td : pe 
(from BALANCED ( q 
MODULATOR) 1 


ea 


| 
| 
! 
| 


€1,€2~1500pF 5% (MATCHED PAIR) % AUTHOR USED 2 PARALLELED .QOO3SpF MICAS 
Piers PHONO JACK 
LW 42 -HIGH=Q" FERRITE ANTENNA COIL (MILLER #6300) 

Th-450-475kHz, 1.F. TRANSFORMER (MILLER #112 -Cl} XTALI, XTAL 2= 468.27 7kHz, FT-Z241~A CRYSTAL, CHANNEL 335, MATCHED PAIR ( TEXAS CRYSTALS) 


Tae 6 oH wn ” ( " #l2-C4) — XTALS, XTAL 4 462.963kH2, ; BO, wt 

SSB CRYSTAL FILTER—Uses four easily obtain- eration of about 2.3 kHz between pairs of impedance output to i-f stage. Article gives 
able quartz crystals uniquely combined with crystals gives bandwidth of about 2.9 kHz ‘construction and alignment details.—-R. A. 
ordinary ferrite antenna coils to select one for reasonable voice quality. Consists of two Genaille, Ferrite Coil and Crystal Sideband 


sideband. Filter can serve as starting point cascaded half-lattice crystal-filter sections Filter, Electronics World, June 1967, p 46—47 
for building ssb transmitter. Frequency sep- arranged for low-impedance input and high- and 80-81. 


CHAPTER 79 
Square-Wave Generator Circuits 


FLIP-FLOP TESTER—Provides positive or nega- 
tive square-wave pulses at repetition rates 
up to 50 MHz for testing fast flip-flops, using 
gallium arsenide tunnel diode D1 (similar to 
RCA 40062) as relaxation oscillator. LI con- 
trols frequency; at 0.5 uH, prf is 25 MHz. 
R1 changes ratio of pufse width to repeti- 
tion period. Output terminal 1 gives posi- 
tive and negative pulses in sequence, while 
terminals 2 and 3 give polarities shown, R, 
For 2-V supply, output pulse is 1.8 V and 
output impedance 100 ohms, for feeding into 
100-chm coax,—O. A, Horna, Bipolar Pulse 
Generator Tests Fast Flip-Flops, Electronics, 
Dec, 12, 1966, p 109. 


10 


4 


EXTERNAL TRIGGER 


cit aie 
Ov 


Pe 
G, G 6, G, > FAIRCHILD OTuL 946 tk 
Gy G, = FAIRCHILD TTwL {03 
Cy #10 pf tf 120 
C,+ 6Bpf-tpf = 


4 
2N501A 


VARIABLE WIDTH AND PRR WITH IC‘S~ 
Push-pull oscillator G1-G2-G3 establishes pulse 


repetition rate of monostable mvbr G5-Gé. 
G4 shapes output to desired pulse waveform. 


+6y INPUT 
+2v INPUT 


+6v 


+6y 


OUTPUT PULSE 
as ae a 
Ov 


Range of values shown below for C2 gives 
pulse widths from 30 ns to about 2 ms and 
range for Cl gives 500 Hz to 12.5 MHz for 
prr.—M. V. Pitke, Two Flatpacks Furnish 
Pulses for 1C Testing, Electronics, June 26, 
1967, p 107~—108. 


T27 
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7.5—20,000 HZ SQUARE-WAVE--Economical 
and self-contained unit for general audio 
testing. Covers a-f spectrum in three ranges, 
Article gives construction details. Parts 
values are: R1 25K; R2 1.2K; R3 2.4K; R4—R5 
3K; R6 2.5K; C1 1 wF; C2 0.1 uF; C3 0.01 uF; 
C4 5 uF; C5 0.25 uF; QI-Q2 HEP253; Q3 
HEP254.—"Solid State Projects Manual,” 2nd 
Edition, Motorola, Phoenix, Ariz., 1968, p 27~ 
32. 


De 


Dy 
(N3671 


IN3671 


FROM CONSTANT 
CURRENT SUPPLY 
800 VOLTS, 

2.5 AMPERES 


D4 
{N3671 


Ds 
{1N3671 


HIGH-POWER SQUARE WAVES—Used for capacitors, but circuit losses become severe cuit go to ser’s in lower circuit.—S, I. Gaytan, 


measuring earth conductivity in geophysical above this value. Uses bridge inverter to Low-Frequency Oscillator Supplies High Pulse 
applications, for which square waves of 0.1 provide bipolar square wave, eliminating Power, Electronics, Oct. 17, 1966, p 90-91. 
to 4 Hz are usually required. Frequency can need fot center-tapped constant-current sup~ 


be boosted to 100 Hz by changing timing ply. Transformer connections in upper cir- 


SQUARE-WAVE 


330K 


OUTPUT 


= fo = 0.025/Cy kHz, Cy in uF 


PWM—Analog comparator chip connected as 
shown functions as flexible square-wave oscil- 
lator having good frequency stability, with 
stable duty cycle and pulse-width modulator 
capability. Positive feedback causes output 
to be at either +10 or —10 V when power 
is applied, charging CT until pin 2 voltage 
equals pin 3, when 5501 changes state to 
begin cycle again.—Applying the Model 5501 
Monolithic Analog Comparator, Optical Elec- 
tronics, Tucson, Ariz., No. 10147. 


+10Vde 


ay, 
MOTOROLA 
M4L-3053 


1-5 KHZ ADJUSTABLE-WIDTH—Four-layer 
diode D1 breaks down at threshold voltage of 
about 10 V, to give simple relaxation oscil- 
lator for generating pulses adjustable in 
width from 300 ns to 3 us. Can be packaged 
in less than 0.5 cu in. Cost of components 
is about $10, Rise time is about 100 ns, but 
2N4137 transistors will bring it below 20 ns,— 
G. B. Jordan, Pulse Generator with Variable 
Rate and Width, EEE, Feb, 1967, p 145-146. 


1-KHZ SYNCHRONIZED TO 60 HZ—Output 
shifts regularly between positive and negative 
saturation to give 50% duty cycle at fre- 
quency determined by voltage divider and 
R-C time constant, If output is in positive 
saturation when sync pulse arrives, it stays 
positive. If output is in negative saturation, 
sync pulse makes it switch to positive satura- 
tion. To sync at higher frequencies, change 
opamp te “A702 or “A710. Fet is 2N3792.—~ 
M. R. Utenick, FET and IC Make Syncable 
Oscillator, FEE, July 1969, p 105—106. 


OUTPUT 


100 pf 
Cy 
INPUT >-—| 
REFERENCE 
I 
<6VP-P 
100K 
CONTROL 
INPUT 
~12V +l2v 


PULSE OUTPUT 


INPUT 
THRESHOLD 


COMPOSITE INPUT 9 


CONTROL INPUT O 


REFERENCE INPUT | 
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0—100% DUTY CYCLE—Standard clamp circuit 
using CRI, followed by conventional two- 
stage d-c amplifier Q1-Q2, gives infinitely ad- 
justable pulse-width generator. Reference 
and control inputs, added at point B, make 
Ql fire and produce output pulse whenever 


N3iI7 
20k a iN3I72 


SYNC O 


sum of voltages exceeds input threshold of 
QI. Input may have any waveform. Tran- 
sistor types are not critical,—T. Hart, Genera- 
tor Permits Infinite Pulse Width Variation, 
Electronic Design, June 22, 1964, p 69-71. 
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INPUT 


UJT-SCR ONE-SHOT—Input pulse triggers scr 
and energizes load. Voltage drop across 
load energizes ujt timer. When ujt fires after 
time interval, voltage pulse across R2 turns 
off scr to give single square-wave output 
pulse.—D, R. Grafham, Using Low Current 
SCR’s, General Electric, Syracuse, N.Y., No. 
200.19, 1967, p 26. 
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DIFFERENTIATION AND 
PHASE REVERSAL 
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VARIABLE-WIDTH AVALANCHE PULSES—Uses 
two NS1110 avalanche transistors and two 
trigger inputs, one for start of rectangular 
output pulse and other for end of pulse. 
Pulse width is thus continuously adjustable by 
changing time interval between triggers, from 
a few ns to over I us. Rise and fall times 
are about 2 ns.--B. H. Bell, Avalanche Circuits 
Are More Versatile Than You Think, Flec- 
tronic Design, June 8, 1964, p 56~63. 


R} 


FOR 
INDUCTIVE Cl 
LOADS Suf 


=12v 
REGULATED 


FREQUENCY MULTIPLIER—Five sequentially 
switched transistors and associated differen- 
tiating, amplifying, and pulse-shaping circuits 
multiply 100-Hz triangular-wave input by 
even integer of 2 per stage, or 10 for five 
switches here, to give 1,000-Hz square-wave 
Oy output. Circuit was developed for data proc- 
essing of seismograph records. Article also 
covers modifications needed for odd-integer 
multiplication.—R. See, Sequential Switching 
Enables Low-Frequency Multiplication, Elec- 
tronics, Aug. 21, 1967, p 87-89. 

1000hz 
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AMPLIFICATION AND 
PULSE SHAPING 


OUTPUT 


IN34A 
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vente OUPLICATE 
UATPUT (REPEAT 2Hi825, 2NZI924 ETC} 


+¥, x 28 VOLTS 


io 
TO SCR GATE 


oe an 

tp 100 

ty» OZ poee 

ty + Sasec MVBR-DRIVEN BLOCKING OSCILLATOR—Pro- 
duces rectangular gate pulses up to 1 A, for 
triggering thyristers in inverters, pulse modu- 
lators, and other circuits requiring fast 
turn-on,—"SCR Manual,” 4th Edition, General 
Electric, 1967, p 85. 
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NANOSECOND PULSES WITH STEP RECOVERY 
DIODES~—Pulse width is determined by differ- 
ence in storage times of two dicdes, which 
varies little with temperature, so width re- 
mains constant from -55 to 80 deg C. 
Pulse width may be varied from 1 to 1,000 
ns by changing forword bias current.—L. St. 
Marie, Fast Pulse Generator is Tomperature 
Stable, Electronics, Feb. 6, 1967, p 70-71, 


SCS RELAXATION OSCILLATOR~Consumes 
less power than ujt, operates at levels as low 
as 2 V, and produces more powerful output 
pulse with sharpened leading and falling 
edges. Frequency is 1 kHz and rise time 
about 60 ns.—J. §, Hayhurst, SCS Outperforms 
UJT in Relaxation Oscillator, Electronics, Sept. 
16, 1968, p 100. 


Yop 


4 
2N5s0a0 


] Re 
cry \ Rug 27k = Qs 
th NA \po de : 
Q cee aay 3 2N5080 
yi LIV et 
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30,000:1 PERIOD-TO-PULSE RATIO—Used for 
/ generating fast-rise pulse or train of pulses 
7) with very narrew width in comparison with 

total period. If RI is variable, can be used 

as astable, monostable, or bistable mvbr. 

eee QI and Q2 are simultaneously in either on 
er off state, with other three transistors 

sont Qe always in opposite state to Q1-Q2, For 
2N3567 values shown, pulse width is 50 js, rise time 


. Oa" D2 0% 200 ns, fall time 20 ns, and periods ranging 
° ANTS! from 500 ys to 1.5 s depending on setting of 
2N3567 7 : ; R2.—D. R. Matthews, Ultralow-Duty-Cycle 


Pulser, EEE, March 1970, p 129. 
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LINEARITY CONTROL 


TEMPERATURE-STABLE SQUARE WAVES—Con- 
verts sine waves to square waves, with good 
isolation of output from input and excellent 


500-HZ SQUARE-WAVE—Uses neon mvbr ta 
generate 0-4 C p-p sloped square wave, and 
diode clipper to straighten its top. Linearity 
control is used to adjust pulse width.—W. 6. 
Miller, “Using and Understanding Miniature 
Neon Lamps,” H. W. Sams & Co., Indian« 
apolis, Ind., 1969, p 45. 


trigger stability for temperature changes. 
Shaded area covers differential amplifier and 
feedback loop. Output is 25 V p-p.—B. Pearl, 


Improved Squaring Circuit is Less Tempera- 
ture Sensitive, Electronic Design, July 19, 1965, 
p 40~41, 


R4 R5 R6 
825 1% 250 2k1% 
RB R9 


GND o 

Rio 
N B25 1% 250 2k 1% 
INPU 


Q4 
2N3640 


<9 


Qé6 


10-V P-P SQUARE WAVES—Provides excellent 
isolation between input and output over pass- 
band of d-c to 1 MHz, with less than 0.1 dB 
variation in output magnitude over frequency 
range. Rise time is 5 ns. Output is +5 V 


for input of +2.5 V and ~-5 V for input of 
-—-2.5 V. Output currents are 16 to 21 mA. 
Q7-Q10 form bistable regenerative output 
switch driven by hysteresis switch Q1-Q6. 
Q1-Q2 form comparator for negative hystere- 


sis level. Dividers in bases of Q1 and Q4 set 
precise firing levels for Q@3 and Q6.—J. F. 
Foster, Bistable DC-Coupled Switch Has 5- 
Nanosecond Rise Time, Electronic Design, Nov. 
8, 1967, p 120. 


SQUARE-~-WAVE 


HIGH-CURRENT PULSES—Gives square-wave 
output waveform with amplitude of 5 V and 
width of about 200 ns at 0.5 A. Recovery 
time limits maximum repetition rate to range 
of 40 to 140 kHz, depending on permissible 
reduction in pulse amplitude.—“High Speed 
Switching Transistor Handbook,” Motorola, 
Phoenix, Ariz., 1969, p 300. 
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Q2 


2NI484 
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2ntso5 2N492 


SCR 


ADJUSTABLE PULSE WIDTH~—R1 and Ci de- 
termine width of square-wave output inde+ 
pendently of Joud. Values shown give 20-V 
pulse at 1 A, adjustable from 100 us to 10 
ms, Uses series regulator in combination 
with ujt time delay Q3.—G. E, Bloom, Time- 
Adjustable Pulse Generator Combines Uni- 
junction, Zener, SCR, Electronic Design, May 
25, 1964, p 68, 


OSCILLATOR 


20-20,000-HZ SQUARE WAVES—Covers 
range with single-turn frequency control. 
Relaxation oscillator Q1-Q2 is adjustable over 
1,000:1 with R7, to cover audio band with- 


FLIP/ FLOP 
out range switch. Triggered flip-flop Q3-Q4 
serves as frequency divider for 40—40,000-Hz 
output of oscillator, while creating ideal 
square waves. Power supply should be 


BUFFER 


zener-stabilized.—C. J. Ulrick, High-Quality 


Square-Wave Generator, 
Nov. 1966, p 43 and 82. 


Electronics World, 


134. 
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GUARANTEED SINGLE PULSE—Schmitt trigger 
and amplifier produce one and only one pulse 
when pushbutton is pressed, regardless of 
contact bounce. $1 is held down until C1 
has charged to about 5 V, Schmitt has flipped, 
and lamp indicator has come on. When $1 
is released, C1 starts discharging; when be- 
low 5 V, Schmitt flips again, lamp goes out, 
C2 starts charging through R8, and Q3 gen- 
erates 26-V negative output pulse.-G. Dem- 
janenko, Push-Button Single-Pulse Generator 
Is More Dependable, Flectronic Design, Aug. 
3, 1964, p 43. 


Q, 
2NU32 


OUTPUT 


PRECISION 
PULSE 
GENERATOR 
CIRCUIT 


CR, 
cTP620 


DOUBLING SQUARE WAVES—With 25-kHz 30- 
V p-p square-wave input, output is 50-kHz 
square wave of same amplitude, with better 
than 100-ns rise and fall times. Value of C2 
depends on frequency; for 20-kHz input, use 
0.02 uF—C. R, See, Square-Wave Doubler 
Uses Four-Layer Diode, “400 Ideas for Design 
Selected from Electronic Design,” Hayden Book 
Co., NLY., 1964, p 155. 


c, 0001 R, 
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T~A PULSE GENERATOR—Output pulse can be 
positive, negative, or both, adjustable from 
zero to 10 V maximum, for maximum output 
of 20 V p-p at 1 A. Pulse width and fre- 


quency adjustments are provided, 
output pulse. 


Rise and fall times are 10 ns. 


te} 
Pg—2 
—22V 


$1 inverts 


VEE 


Oto ~—1OV 


—“Semiconductor Power Circuits Handbook,” 
Motorola, Phoenix, Ariz., 1968, p 6~32. 
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50-HZ SQUARE-WAVE—Uses three-element 
neon lamps. Closing SW1 makes cycle self- 
completing.—E. Bauman, “Applications of 
Neon Lamps and Gas Discharge Tubes,” Sig- 
nalite, Neptune, N.J., p 37. 


IN96IB 
Oz 
r sal — 
+ 
-O+ 
V = +120 TO+H70V 2N4944 
; IN753A r 
LINE REGULATION: 6V Vout = 100 V 
=0.06 % —_——4 ATIOOMA 
Viy= 120-170 V IN753A 


FULLY COMPENSATED OPAMP—Provides out- 
put proportional to derivative of input, so 
triangular input gives square-wave output. 


R1 is required to limit high-frequency gain, 
improve dynamic stability, and give better Son 
immunity to high-frequency noise.—M. Eng- 'w 


lish, Applications for Fully Compensated Op- 12k 
Amp ICs, FEE, Jan. 1969, p 63~65. 
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LOAD REGULATION: 
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#* MOUNTED ON HEAT SINK iF 
LONG -TERM SHORT CIRCUITS ARE POSSIBLE 
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ADJUSTABLE 6-A PULSE GENERATOR—Astable 
mvbr Q5-Q6 has independent controls for on 
and off times of rectangular pulses, over 


PULSE GENERATOR 
ranges that can be increased by increasing 
values of capacitors CX across C4 and C6, 
Pulse generator drives two power stages ca- 


pable of furnishing 6 A to 5-ohm load.— 
“Semiconductor Power Circuits Handbook,” 
Motorola, Phoenix, Ariz. 196B, p 6—29. 
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= ALL DIODES 1N458 
tion of input pulse. Eliminates transistor pot.—K. Wahl, Constant Relay On-Time for 
stage normally required for pulse stretching. Any Input Pulse, Electronics, March 6, 1967, 
Ta adjust ON time of relay, replace R2 with p 133. 


SIMPLE PULSE STRETCHER—Generates 25-ms 
output pulse for driving 4-W relay momen- 
tarily, independently of amplitude or dura- 


30-A PEAK PULSES AT 130 KHZ—Transistor is 
driven into second breakdown, to give 40-ns 


tL Vee pulses at 5 A, with generating cycle com- 
~| 20v OUTPUT pleted before thermal buildup becomes exces- 
TRIGGER PULSE i i ii i 
PRIGGER Bute sive, Rise time of output pulse is less than 


GENERATOR 10 ns.—E. B. Hakim, Variable-Voltage Cur- 


rent Sink, EEE, March 1967, p 166—167. 


C1 = 330 pF to 1.0.pF 


300 KHZ FOR $4—Addition of five resistors 
(RI-R5) and two capacitors (C1-C2) to nA730C 


IC differential amplifier gives inexpensive 
general-purpose pulse generator having fre- 
quency range extending to 300 kHz. Pulse 


rise and fall times are both under 200 ns. 
Cutput pulses are easily adjusted to switch 
above, below, or precisely at ground. Differ- 


ential amplifier operates as current-mode 


switch in astable mvbr configuration. CT 
determines frequency range, while R2 varies 
prr over 6:1 ratio—C. Brogado, Converted 
Diff Amp Generates Pulses, EDN, June 15, 
1970, p 57. 
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Dar 
A) enser 
te © 100 ns a 


4KH, << 25KH, 
SQUARENESS RATIO= 1600 @ 4KH, 


4-25 KHZ SQUARE-WAVE GENERATOR—Uses 
dual diodes having common cathodes. Pro- 
vides excellent output waveform.—W. R. 
Spofford, Jr., Practical Circuit Applications for 
The New F16U Dual Diode, General Electric, 
Syracuse, N.Y., No. 90.53, 1965. 


6—60,000 HZ SQUARE WAVE—Frequency is perfect square wave. Two HEP5O transistors 
variable over four ranges: 6—60, 60-600, provide amplification. Article gives construce 

600~—6,000, and 6,000—60,000 Hz, and ampli- tion details. Designed for use with cro to 
B tude over three ranges: 1,000, 100, and 10 check response of audio equipment,—”Inte~ 
mV, IC-1, a Motorola HEP556, is at center grated Circuit Projects,” Motorola, Phoenix, 
of basic R-C oscillator which triggers 1C-2, a Ariz., 1966, p 46-62. 


HEP558 J-K flip-flop, to provide an almost 
OO | | VA | 


+8V to 418V 


1. Q1 turns off. Ri 


2. Q2 fires (Cl is not fully discharged). i 50k 


Q2 
2N4891 


1k 
3. QT turns on before Q2 can fire again. 


(C1 is fully discharged) 


® 
I 


LINE-SYNCHRONIZED TIMING PULSES—Ujt os- = wave rectifier, change C1 to 0.05, and adjust 
cillator Q2 generates sharp and clean 60-Hz severe noise on line may cause output pulse bias resistors controlling Q1.—B. Heniford, 
timing pulse virtually unaffected by noise train to skip a beat. Invert output to obtain UJT Generates Useful Timing Pulses, EDN, 


and transients on line. Only extremely positive pulse. For 120-Hz output, use full- March 15, 1970, p 87~88. 
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4a7K LOW-COST SQUARE-WAVE—Control voltage of 
TWO-CONTROL UJT~Two pots provide con- Rp 0 to 12 V on ujt relaxation oscillator gives 
trol of frequency and duty cycle of square- duty-cycle variation over complete range 
wave output. Value of C affects rise and 4 from 0 to 100% of pulse period.—V. Kaneski, 
fall times, and can be between 0.01 and 50 Soninee Simple Arrangement Provides Economical 


MF.-J. H. Phelps, Unijunction Generator Has o-l2V Variable-Duty Cycle, Electronic Design, Aug. 
Variable Square-Wave Output, 400 Ideas for 3, 1964, p 43—44. 

Design Selected from Electronic Design,” Hay-~ 

den Book Co., N.Y., 1964, p 191. 


40~180 HZ MULTIPLE OUTPUTS—Consists of 
neon regulated power supply and neon os- 
cillator. Positive I-us pulse is available at 
C.—W. G, Miller, “Using and Understanding 


Miniature Neon Lamps,” H. W. Sams & Co.,, v1 
Indianapolis, Ind., 1969, p 40. NE2H 
v2 
NE2H 


PULSE PULSE GENERATOR GATE BISTAI 
SHAPER | | STABLE MULTIVIBRATOR 
1.8k 
OUTPUT 
—l2v 
0.1-100 § PULSE WIDTHS—Wide range is ob- 270pt 
ALL TRANSISTORS 2N3904 tained by gating pulse generator with bi- ¢ INPUT 
UNIJUNCTION TRANSISTOR 2N1671B stable mvbr.—S. Bell, One-Shot Generates TRIGGER 
Wide Range of Periods, Electronics, May 11, . 


= 6 yt, SWITCHIN =i- CONDS 
FOR C=6yt, SWITCHING TIME 30 SECON 1970, p 102. -5v Ld 


SQUARE-WAVE GENERATOR CIRCUITS 739 


PULSE SHAFT ZERO-REFERENCE PULSE—Output pulse 
is generated when shaft of 360-deg pot is 
at zero. Leading edge of pulse coincides 
with position B of wiper arm, Applicable 

only to unidirectional drive, as by digital 


motor. Repeatability of pulse position is 
STARTS within 13.5 min of arc, Output pulse width 


WHEN is about 10 us. Capacitor is charged during 
WIPER IS . 0 . 
AT POINT clockwise rotation from B to A, Charge is 

B held until wiper arm crosses gap to B, then 


discharged to drive transistor into saturation 
and create output pulse.—W. E. Milroy, Shaft. 
Position Generator Provides Zero Reference, 
Flectronic Design, March 15, 1965, p 64-65, 


COUPLED TO 
SHAFT 


IN4009 


OUTPUT 


VARIABLE FREQUENCY AND DUTY CYCLE— 


FOUR-PULSE SEQUENCE-Low-cost RTL hex- 
inverter IC delivers repeated sequence of with duration of each depending on RC net« 
four pulses, with equal or independently ad- 


TUNNEL-DIODE ASTABLE-—Simple free-running 
(astable) oscillator generates clean square 
wave. Frequency is determined by value of 
charging capacitor used.—W. R. Spofford, Jr., 
Applications For The New Low Cost TD 700 
Series Tunnel Diodes, General Electric, Syra- 
cuse, N.Y., No, 90.66, 1967, p 9. 


Oo 
| INHIBIT 


OUTPUT 
OUTPUT 2 
OUTPUT 3 
OUTPUT 4 


h——4 msec ——>| 


work at inverter input. 


PULSE 4 


For values shown, 


Frequency range is 60 to 1,000 Hz, adjustable 
independently of 0-100% duty cycle range. 
Conventional ujt sawtooth followed by two 
transistors provides positive-going output, 
with rise and fall times about 1/500th of 
period of oscillation.—“Unijunction Circuit 
Hints,” General Electric, Syracuse, N.Y., Fig. 7. 


PULSE 2 PULSE'3 PULSE 4 


VALUES SHOWN YIELD A PERIOD 
OF 1 MILLISECOND, 


THE IC IS AN MC 789P. 


D, E, and F generate their pulses sequentially, © quency can be up to a few MHz. 
more hex-inverters increases number of pulses 
in train.—F, Cupp, 4-Pulse Sequence Genera~ 
justable pulse widths, IC inverters A, B, duty cycle is 20%, leaving dead period be-« tor Built With 1 Hex-Inverter, Electronics, 


and C form basic pulse generator, Inverters fore start of next four-pulse train, Pulse fre= Feb. 3, 1969, p 79--B0, 
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STEP-FUNCTION TRIGGERING—Adding Q1 to 
feedback loop of mono mvbr permits trigger- 
ing by step function, to generate variable- 
width trigger pulse for digital system, Step 
function is obtained from shaft encoder. 
Negative 0.5 V input step gives 7.5-V output 
pulse 0.25 us wide.—R. J. Hoss, Pulse Gener- 
ator Triggered by a Step Function, Efectron- 
ics, March 31, 1969, p 87~88. 


AMHz Pay 
“4 Xtal 
TNG3442 


74 1/4. 44 
TNG3442 TNG3442 TNG3442 


OUTPUT 


(0QoF Vee #5.0V 


4-MHZ PULSE TRAIN—Crystal controls repeti- ate with crystals from 10 kHz to 10 MHz. 
tion rate and R-C network determines pulse Stability is better than 0.02% within tempera- 


width in square-wave generator using quad ture range of 1C.—K. Yu, Crystal Controls Rep 
two-input gate. Square input to first gate Rate of Simple IC Pulse Generator, EEE, Jan. 
pad can be used for stop-start control. Will oper- 1968, p 116-117. 
+5V 


QUTPUT 


FLIP-FLOP BLOCKS BOUNCE-—IC flip-flop ar- = 100 ns, C4 discharges enough through R2 
rangement is used to inject narrow pulse into flip-flop, Closing SI discharges Cl, trigger- to make Q1 safurate and form falling edge 
equipment under test by closing S|] man ing flip-flop and biasing Q1 into cutoff so col- of pulse.—L. V. Hendricks, Flip-Flop Isolates 
ually, Spurious voltages caused by contact lector is moved from ground up to 5 V to Pulse From Switch Bounce, Electronics, Aug. 


bounce in switch are isolated from output by form leading edge of output pulse. After 19, 1968, p 84-85, 


NOTE: To locate additional circuits in the category of this chapter, use the index at the back 


of this book. Check also the author’s “Sourcebook of Electronic Circuits,’ published by 
McGraw-Hill in 1968. 


CHAPTER 80 
Switching Circuits 
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SCR STATIC D-C SWITCH—Control circuit turns 
on Q2 and load when control signal is ap- 
plied. When signal is removed, Q2 opens 
and turns off load.—Semiconductor Power 
Circuits Handbook,” Motorola, Phoenix, Ariz., 


1N5240 


SYMMETRICAL ALTERNATE FIRING OF SCR’S— 
High-power firing pulses are alternated be- 
tween pair of scr’s by three-transistor pulse 
circuit, with timing of pulses controlled by 


-14y 


1968, p 4—12. 


low-power rectangular-wave input. Circuit 
delivers exact pulse to one scr, stalls until 
next half-cycle, and then delivers identical 
pulse to other scr.—B. McConnell, Pulse Cir- 


cuit Fires Scr Pair, Electronics, Oct. 31, 1966, 
p71. 


T41 


T42 


IC-TRIAC ZERO-VOLTAGE POWER SWITCH— 
Circuit provides for shifting triac gate pulse 
in time to ensure reliable latching with small 
load. Triac used should latch at minimum 
load current of 4.2 A. Table gives compo- 
nent values required for four different values 
of minimum load current and 120-V a-c 
supply.—R. W. Fox, Low Power Zero Voltage 
Switching Using the PA42A, General Electric, 
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Syracuse, N.Y., No. 201.22, 1969. 
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SUPPLY 


LOAD 


Approx. Pulse 


Approx. Min. 


Load 


(watts) uz) Ra R3 € Pulse g Shitt 
500 oo 10K Q a 100 psec. 0 
400 2 7.5K 2.2K 0,01 pfd, 200V 100 psec, 25 psec, 
250 o 1.5K 2.2K 0.022 pfd, 200 V 100 psec. 50 psec, 
200 6.8K 4.7K 2.2K 0.047 fd, 200 V 150 psec, 75 psec. 


REMOTE TURN-OFF 


SIGNAL 


cr, 


OUTPUT 
TO GATE 


FIRST-PULSE PRESERVER—Switches free-run- 
ning signal to load without interrupting first 
pulse, regardles of instant when start switch 
is actuated. Input square waves should be 
about 5 V p-p and wider than 50 us, Fre- 
quency range is from near zero to about 1 
kHz.—D. E. Manners, Switching Circuit En- 


SCR, 
2ne324 


sures Full First Pulse, EEE, Nov. 1967, p 126 
and 128. 


1-KW AUTOMATIC SYNCHRONOUS SWITCH— 
Either negative or positive 1-mA d-c input 
signal, depending on connections at AA and 
BB, applies power to load st next point in 
instantaneous line voltage that is low enough 
to prevent rfi generation.—“Silicon Controlled 
Rectifier Experimenter’s Manual,” RCA, Harri- 
son, N.J., 1967, p 95. 


AND- 
GATE 


&FULL-FIRST 
PULSE OUTPUT 


A-A:; CONNECTIONS FOR 
LOAD POWER OFF 
WITH NEGATIVE SIGNAL. 


B~B: CONNECTIONS FOR 
LOAD POWER ON 
WITH NEGATIVE SIGNAL 


Kp2i03 2 W 
Re 
610A 270 


Ree INPUT 
TERMINALS 
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AI3D 


2govac _,LOAD 


8-KW SYNCHRONOUS A-C SWITCH—In ab- 


UP TO 8 KW sence of switch-opening signal, scr’s deliver 
BAG NAG full power to load, in full cycles and there- 
fore with minimum rfi. Ideal for applications 
where magnetizing inrush current to trans- 
formers and motors causes nuisance fuse 
ee blowing, or where sensitive test equipment 
C330) must be operated near switch location.—F. 
SCR2 


W. Gutzwiller and E. K. Howell, Economy 
Power Semiconductor Applications, General 
O + Electric, Syracuse, N.Y., No, 671.1, 1965, p 10, 


I VOLT AT | MA 
O~ 


SCR STATIC A-C CONTACTOR~Small switch al 
serves as static contactor for turning on one 120 V 2N4178 
scr during positive halfscycles and other scr 
during negative half-cycles. When switch is 
opened, scr’s remove load from line.—’’Semi- 
conductor Power Circuits Handbook,” Moto~ 
rola, Phoenix, Ariz., 1968, p 4~9. 


2N4178 
D1 a2 
1N4003 


(FOR INDUCTIVE 
Loans) 


salma 
iniga2 | \ 
° ® pbemnnnerls—4 1.80 2) }—o 
nN 
900 WATT 
AC LOAD MAX ie.ev cioey 
120 F AD, p 
vac és oy tt atl + 
12,.6V. 
Ud 
ANSDUC! | 
e LOAD 
: cs @ wen | Inte92 
Leaupiawint 
FOR LIGHT SENSITIVITY, USE G-E 84258 PHOTOCELL. 
PEAK POINT 
enn mem meet pment VOLTAGE OF 
f UJT 
T2 w H7/12.6 VOLT FILAMENT TRANSFORMER 
VOLTAGE 
AGRoSs 
id PHASE-SENSITIVE SWITCH—Circuit triggers scr 
a -_ for either direction of bridge unbalance, but 
ey ‘ TIME—~—» transformer and steering diodes determine 
OFF ON which of the two loads comes on for particu» 
SNAP-ACTION A-C THRESHOLD SWITCH~R1 lar direction of unbalance. At balance, both 
and Cl determine spread between pickup loads are off, Ideal for monitoring or warn- 
and dropout of a-c load up to 900 W. Can ing systems, where loads can be lamps 
be used for temperature control, lighting con= labeled HIGH and LOW, relays providing 
trol, and other applications, depending on corrective action, etc. Sensor may be photo- 
fype of transducer used.—F. W. Gufzwiller cell instead of thermistor shown,—D, R. 
and E. K. Howell, Economy Power Semicon~ Grafham, Using Low Current SCR’s, General 
ductor Applications, General Electric, Syracuse, Electric, Syracuse, N.Y., No. 200.19, 1967, p 


N.Y., No, 671.1, 1965, p 10, 31. 
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HYBRID LADDER SWITCH—Trim value is 4 
ohms in first three bits, and accuracy well 
within 1 mV. Has been used in 11-bit 
analog-digital converter, and time-shared as 
9-bit successive-approximation 200-kHz ana~ 
log-digital converter.—C. R. Luebke, Ladder 
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+15V 


2N3677 


Switch, EDN, Sept. 1, 1969, p 76. 


Yo ) 
y + 
Ko2io3 2 
Ro 
ea me Rg 
D 
Sy 2 ois 
ay @® KD2103 
60 Hz 
KD2I00 
YI 
REMOTE-CONTROL PHASE SELECTOR—Relay py eee a 


and unity-gain transistor amplifier permit 1-KW SYNCHRONOUS SWITCH—Provides 


selection of a-c signal or 180-deg phase- 
inverted version while minimizing system 
noise of long signal paths —M. |. 
Remote Switching Technique Reduces System 
Noise, Electronic Design, Feb. 15, 1965, p 78 


79. 


ANALOG INPUT 


GATE 
INPUT 


MAKE-BEFORE-BREAK FET-Spikes associated 
with switching of analog signals by fet’s 
are overcome by operating fet pair in make- 
before-break mode. One transistor is 
switched on prior to gating analog signal, to 
provide low-impedance path to ground that 
minimizes spikes. Positive gating signal turns 
on Q1 while Q2 remains off, allowing analog 
signal to be transmitted through opamp to 
output. Negative gating signal opens analog 


YO $12v TERMINALS 
ial a a 1 


Neidich, 


OTO LADDER 


2N3677 


O 
-15V +5V 
REMOTE CHASSIS MOUNTED 
INVERT REMOTE SWITCH 


Dg 
k02103 


KD2100 


out 10 pe 4 
4 


# 


c 
I 


0 pF 


switching without generation of rfi, using low- 
current switch $2 which may be remotely 
located.—“Silicon Controlled Rectifier Experi- 
menter’s Manual,” RCA, Harrison, N.J., 1967, 
p 93. 


+i5v 


switch by turning on Q2 before turning off improves FET Switch, Electronics, April 27, 
Qi.—L. F. Halio, Make-Before-Break Mode 1970, p 90. 


SWITCHING CIRCUITS 


1-KW STATIC SWITCH—Operates from a-c line 
and provides 120 V d-c for 1,000-W load. 
Control signal applied to reed switch will 
turn load on or off in one cycle, Designed for 
applications having high duty cycle, such as 
motor controls for machine tools and con- 
veyors, welding controls, battery chargers, 
temperature controls, and process controls.— 
F, W. Gutzwiller and E. K. Howell, Economy 
Power Semiconductor Applications, General 
Electric, Syracuse, N.Y., No. 671.1, 1963, p 6. 


AC SUPPLY 
120 VOLTS 


745 
eis 1000 
HEAVY ATE: 
epRt INDUCTIVE bc 
SWITCH GnLy LOAD 


SCR STATIC D-C CONTACTOR—Requires only 


momentary contact of spring-loaded spdt 


Qi Si 


2N4178 CENTER OFF 


LOAD 
240 W MAX, 


KO2104 


SYNCHRONOUS SWITCH—Prevents rfi by ap- 
plying power to a-c loads up to 24 W only 
at near-zero points in a-c cycle. Triggering of 
scr occurs at 6.5 V. Regenerative-transistor 
switch triggers at 2.8 V with ST open and 
13.5 V with $1 closed. With $1 open, switch 
therefore conducts and blocks scr so load is 
off. When $1 is closed, scr conducts if 


switch for turning on or turning off 5-A d-c 
load. Once scr QT is turned on by gate cur- 
rent through RI, gate drive is no longer re- 
quired and switch can be released. When 
switch is pushed to OFF position, scr Q2 
receives gate current and comes on. Cl then 
discharges and turns QI off. C2 then charges 
to supply voltage and turns Q2 off. Q2 is 
much smaller than Q1 because it is used to 
commutate Q1 off.—Semiconductor Power 
Circuits Handbook,” Motorola, Phoenix, Ariz., 
1968, p 4-11. 


supply voltage at that instant is less than 
13.5 V, to apply power safely to load without 
rfi. lf supply voltage is above 13.5 V, ser 
stays off for remainder of that input half- 
cycle, and is triggered only when voltage 
reaches 6.5 V on succeeding half-cycles.— 
“Silicon Controlled. Rectifier Experimenter’s 
Manual,” RCA, Harrison, N.J., 1967, p 90. 
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R2 ct 
seq O.1UF 
ie, 
reed 
RI contact 
mains 
2200 =) 
magnet 
oO 


STATIC POWER SWITCH—Long-life reed relay 
serves as simple trigger for triac control of 
single-phase a-c load. Hermetic sealing of 
relay permits use in presence of gasoline 
vapor or in lines having explosive gases, 
Value of R1 in ohms should be about equal 
to a-c line voltage in volts, to give gate 
current of about 1 A for triac, R2 and Cl 
suppress ftransients,—Triacs—Operation and 
Use, Philips, Pub, Dept., Elcoma Div., Eind- 
hoven, The Netherlands, No. 17, 1969. 


TRIAC FOR A~C LOADS—Power line triggers 
gated bidirectional controlled rectifier when 
SI is closed. When SI is opened, triac will 
cut off at next zero crossover of a-c line and 
remain off until $1 is again closed,—A. Harris, 
Semiconductor Switching of Low-Power Cir- 
cuits, Electronics World, June 1967, p 33-35. 


ee ifoee 
OFF rem moe OY 


CONTROL 
VOLTAGE 
ss 


10A (MAX,) 


120V/60Hs 


ISOLATED CONTROL—Transformer 
isolation of control 


provides 
circuit from a-c load. 
Closing $1 starts relaxation oscillator QI 
which operates in range of 600 to 6,000 Hz. 
First pulse of each half-cycle of asc line causes 
triac to saturate for remainder of that half- 
cycle. Triac cuts off momentarily ot first 
zero crossover of a-c line, but is triggered on 
again by the first pulse received from QI 
after the next half-cycle begins.—A. Harris, 
Semiconductor Switching of Low-Power Cir- 
cuits, Electronics World, June 1967, p 33-35. 


TRANSISTOR STATIC D-C CONTACTOR—Small 
switch, which can be remote from load, turns 
on transistor Q1 when closed. Will handle 


ELECTRONIC CIRCUITS MANUAL 


- 
| 
I 
| 
ok 
(REQUIRED FOR 
1 


NDUCTIVE 
| LOADS) 


d-c loads up to 5 A.—”Semiconductor Power 
Circuits Handbook,” Motorola, Phoenix, Ariz., 
1968, p 4—11. 


Ty 


UTC-H5! 


SIGNAL-POWERED SWITCH—D-c control volt- 
age above 9.3 V at input turns on four-layer 
breakover diode D2 in simple relaxation oscil- 
lator circuit that induces train of pulses in 
secondary of Tl, to gate ser on and apply 
power to load up to 1.5 A that scr places 
across a-c line. Pulse train ensures almost 


O.1pF 


full firing of scr during each 60-Hz a-c cycle. 
Pulse transformer isolates voltage sensor from 
load. May be used to control alarm horn, 
lamp, or a-c relay.-P. A. Lajoie, Signal- 
Powered D-C Voltage Sensor Controls A-C 
loads, EEE, Jan. 1968, p 117-118. 


load 


A-C STATIC CONTACTOR—Will give millions 
of operations silently, with minimum rfi and 


extremely low control power. 


Uses thyristors 


THI and TH2 connected in antiparallel, for 
handling load rated between about 0.5 and 
35 kW; thus, for 25 A rms loads current, 
operating on 220 V ac line, thyristor can be 


Philips BTX81-300R. 


Both diodes 
BA145, BY?26, BYX10, or similar types. 


can be 
For 


220-V line, R1 is 56 and R2 is 220; for 115-V 


line, R1 is 39 and R2 is 120. 


Switch may be 


reed-type, microswitch, or thermostat contact, 
~A. C. Static Contactor, Philips, Pub, Dept., 
Elcoma Div., Eindhoven, The Netherlands, No. 


20, 1968. 


SWITCHING CIRCUITS GAG 


| 20 Vde~ a 

TRIAC A-C STATIC SWITCH—Triac remains on j29 y CONTROL 

. MAC2-4 
until control signal is removed, and turns off AC SIGNAL \ 
when current next drops to zero. Willhandle LINE 


reactive as well as resistive loads on 60-Hz 


a-¢ line.—“Semiconductor Power Circuits 
Handbook,” Motorola, Phoenix, Ariz., 1968, SYNCHED 
p 4~8, TO LINE 
FREQUENCY 
+12V +12Vv +12V 
De 
) {N753 LOAD OUT 
Vz=6.2¥ 
REMOTE 
INVERT 


PHASE SELECTOR WITHOUT RELAY—Two-tran- 


WW7 va-c 


BOUNCE ELIMINATOR—Turning on ser Q1 si- 
multaneously with closing of switch eliminates 
false triggering signal or noise caused by con- 
tact bounce, Scr consumes no quiescent 
power.—R. A, Wilson, SCR Takes Bounce Out 
of Switching, Electronics, Oct. 30, 1967, p 69. 


iNS763 


Dp 
1N1763 


sistor circuit permits remote selection of a-c 
signal or 180-deg phase-inverted version 
without use of relay. When inversion is de- 
sired, switch is closed.—M. |. Neidich, Remote 
Switching Technique Reduces System Noise, 
Electronic Design, Feb. 15, 1965, p 78~79. 


MC 844P 


A-C CONTROL WITH GATE—When IC is gated 
on by three simultaneous inputs, current 


Ty 

flows through primary of inexpensive audio 
transformer, inducing same half-wave recti- 
fied voltage in secondary for triggering friac 
into conduction every half-cycle and allowing 


a-c line to supply current to load. D2 shunts 
inductive spikes.—G. V. Winftress, IC Gate 
Controls Triac with Audio Transformer, Flec- 
tronics, Aug. 5, 1968, p 106. 
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120 VAC 


HALF-WAVE NORMALLY OPEN—Static power 
switch can be used for heater loads, limit 
switches, and other applications requiring 
switching of half-wave a-c power, Closing 
switch $1 fires scr and energizes load.—F. W. 
Gutzwiller and E, K. Howell, Economy Power 
Semiconductor Applications, General Electric, 
Syracuse, N.Y., No, 671.1, 1965, p 6. 


120 OR 
240 VAC 


RI 
2202,1/2W 


SELF-TRIGGERED TRIAC—When switch $1 is 
closed, triac is triggered on just after start of 
each half-cycle (at about 6 V), $I may be 
relay contact, but must withstand full line 
voltage. Load can be up to 6 A. Use RCA 
40429 for 120 V and 40430 for 240 V.—R. 
M. Marston, 20 Triac Circuits, Radio-Electronics, 
June 1970, p 51-53 and 97, 


ai 
BN2Z19 


SOLENOID DRIVER—Will switch loads up to 
5 A. Diode D1 protects Q2 by suppressing 
voltage transient developed when inductive 
load jis de-energized.—A, Harris, Semicon- 
ductor Switching of Low-Power Circuits, Elec~ 
tronics World, June 1967, p 33--35. 


st 


FAST-ACTING SCR—Simple scr circuit breaker 
operates in less than 2 xs to interrupt load 
current at any desired value between 100 and 
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+24V FOR ON 
OV FOR OFF 


300 mA as set by 10-ohm pot.—J. A, Means, 
SCR Circuit Breaker Has Fast Operation, “400 
Ideas for Design Selected from Electronic 
Design,” Hayden Book Co., N.Y., 1964, p 220. 


—— 
4 
120 VAC 
Re 
00.0 
2w 


SI 
FORWARD 


TRIAC AS STATIC REVERSING SWITCH—Pair 
of triacs serves as static switch, in place of 
contactors, for reversing-type ps¢ motor, to 
provide rapid-response reversal, $1 and $2 
can be reed switches, or triacs can be gated 


BASIC AVALANCHE—Can be: used with any 
appropriate avalanche transistor meeting load 
requirements. Values shown are for N51110, 
having load lines at right. C1 supplies rush 
of current for avalanche between point 0 and 
1, but must be recharged between points 3 


R3 
(oon 
ew 


$2 
REVERSE 


by other means, 


With appropriate firing cir- 
cuit, arrangement can serve as motor over« 
temperature control that senses motor winding 
temperature directly.—”SCR Manual,” 4th 
Edition, General Electric, 1967, p 222. 


and 4 before circuit is ready for another 
avalanche. Can be used in pulse generators 
and voltage comparators.—B, H. Bell, Ava- 
lanche Circuits Are More Versatile Than You 
Think, Electronic Design, June 8, 1964, p 56—- 
63, 


120 VAC 
a a 


HALF-WAVE NORMALLY CLOSED—When 
switch is open, scr and load are energized. 
Closing of switch shorts out trigger to gate 
and opens ser, turning off load.—F, W. Gutz- 
willer and E. K. Howell, Economy Power 
Semiconductor Applications, General Electric, 
, Syracuse, N.Y., No. 671.1, 1965, p 6. 


SOURCE 
oF 
FULL-WAVE 


RECTIFIED 
A.C, POWER 


(A) 


LAMP DRIVER—Gate drive of only 3 V at 40 
mA on scr will handle lamp load of 35 A, 
provided lamp power source is full-wave 
rectified a-c, without filtering. When lamps 
are to be turned off, $1 is opened, and lamps 
are de-energized at next return of d-c wave- 
form to zere.—A. Harris, Semiconductor 
Switching of Low-Power Circuits, Electronics 
World, June 1967, p 33-35, 


TRANSFORMERS CFI0{ 
{INDIANA GENERAL} 
6 TURNS BIFILIAR 


400 pf 
ap & Be 


SWITCH-OFF 
PULSE 


3k 


SWITCHING CIRCUITS 


) ms GATE VOLTAGE 


TIMING SWITCH—Actuating $1 gates SCRI 
on and energizes load, while commutating 
capacitor Cl charges through SCR] and RI. 
Relaxation oscillator UJT produces one cycle 
of oscillation under this condition, duration 
of which is determined by setting of R2. At 
end of cycle, $CR2 is gated on, UJT is dis- 
abled, and SCR1 turned off,—A. Harris, Semi- 
conductor Switching of Low-Power Circuits, 
Electronics World, June 1967, p 33~35. 


40 V 


CONTROL 
SIGNAL 


TRANSISTOR STATIC D-C SWITCH—Load is on 
only while control signal is present to turn 
on both transistors.—“Semiconductor Power 
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LOAD 
(6 AMP MAX 


120 OR 
240V st 
50-60H2 ~~ 
evi 
BATT | 


Q!= 40429 (RCA) ON 120 VAC 
= 40430 (RCA) ON 240 VAC 


BASIC TRIAC SWITCH—Switch SI handles only 
about 40 mA in triggering triac that carries 
6-A load current. For 120 V a-c, use RCA 
40429; for 240 V, use 40430. Will handle 
surge currents of cold incandescent lamps.— 
R. M. Marston, 20 Triac Circuits, Radio-EFlec« 
tronics, June 1970, p 51-53 and 97. 


anaes | 


| 
| (REQUIRED FOR 


o1 INDUCTIVE 
LOADS) 
{ 
eee 
at 
2N3713 


Cirevits Handbook,” Motorela, Phoenix, Ariz., 
1968, p 4-12. 


DIODE T SWiTCH—Serves for switching r-f 
signals up to 200 MHz from input to output. 
Circuit is normally on when no switch-off 
pulse is present. 6-V positive pulse at input 
of gate turns on both gate transistors, gen- 
erating 6 mA for changing bias on diodes 
and opening switch.—R. J. Turner, P-I-N Diode 
T Switch Consumes Little Power, Electronics, 
Feb. 2, 1970, p 99. 


HP 3001 
(3 DIODES) 


OUTPUT 


750 


SNAP-ACTION SWITCH~—Used for on-off con« 
trol of relay or other load. Complementary 
silicon transistors behave like Schmitt trigger, 
with both turning on for 1.4 V d-c at input, 
and turning off at 1.1 V. When off, current 
drain is zero. If input is voltage drop across 
sensor, circuit may be used as simple and 
reliable temperature, photoelectric, or other 
control.—A, Anzani, On-Off Solid-State Switch 
Is Simple and Inexpensive, Electronic Design, 
Sept. 27, 1967, p 70. 


== | SWiTcH 
\ DRIVER 


OVERCOMING CHEAP SWITCHES—Variations 
of up to 1,000 ohms in contact resistance of 
cheap switches have no effect on operation 
of circuit, in which Q2 connected in inverted 


| Re 
240k 


TRIAC STATIC A-C CONTACTOR—Small switch 
applies gate current to triac, to close load cir- 
When switch is open, triac turns off 
Will handle 


cuit. 
when current next drops to zero. 


2NI595 


4 
see 


UNIVERSAL SCR DRIVER—Used to drive 20- 
channel operations recorder having pen de- 
flection coils operating from 24-V d-c source, 
When scr is fired by input pulse, C discharges 
through load and charging current source is 
clamped, Value of C is determined by load 


ujt oscillator 


control, 


12K, 1/2W 


(8 TO 24 
voc 


REFERENCE | REFERENCE | PRECISION | 
LOADING (ONLY ONE SWITCH 
COMPENSATION NEEDED) | 


mode acts as precision low-contact-resistance 
switch. Designed for applying precision ref- 
erence voltage from 9-V zener to IC opamp.— 


UJT-TRIGGERED TRIAC—When $1 
applies continuous 
trigger pulses to gate of triac QI through 
isolating transformer TI. 
kHz, triac is triggered on very shortly after 
start of each 60-Hz half-cycle, for full-wave 
Switch handles only 2 mA, and 
can be replaced by transistor driven by any 
type of transducer. 
for 120 V and 40430 for 240 V.—R. M. Mar- 
ston, 20 Triac Circuits, Radio-Electronics, June 
1970, p 51—53 and 97, 


ADDITIONAL SWITCHING 
CIRCUITS AS NEEDED 


LOAD | 
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al 
MAC2-4 


reactive and resistive loads.—‘Semiconductor 
Power Circuits Handbook,” Motorola, Phoenix, 
Ariz., 1968, p 4-9. 


OTHER 
UNITS 


(cere 


inductance; typical value is 100 uF. R is 
usually 50 ohms, chosen to give fast re~ 
charging of C.—J. Gray, Jr, SCR Circuit a 
Versatile Driver of Many Loads, Electronic 
Design, April 13, 1964, p 74, 


is closed, 
train of 


With trigger at 2 


Use RCA 40429 triac 


Rg 12.5k 


OUTPUT 


SUMMING AND 
| BUFFER AMP FOR 
TYPICAL APPLICATION 


G. R. Latham 4th, Inverted Transistor Switches 
Precision D-C Voltage, Electronics, Aug. 4, 
1969, p 92-93. 


CHAPTER 81 
Staircase Generator Circuits 


FDXIR- . ZTX310 


Bee 9X 2870 


EQUAL STEPS—Reference chain of forward- 
biased diodes gives known equal steps of 
voltage, when reference points are connected 
sequentially to common load by switching 
transistors. Johnson decade counter is used 
with diode decoding to provide sequential 
switching.—“E-Line Transistor Applications,” 
Ferranti Ltd., Oldham, Lancs., England, 1969, 
p 21. OV 


HORIZONTAL 


t RIV 
DRIVE at |2Ma 
K . 


4Vpp 


i 63.3 


MSEC 


00 
INPUT is 


GRAY-SCALE STAIRCASE-—Produces 7 to 12 160 kHz, and Q8 is step capacitor-discharge 


DIODES — INI94 
TRANSISTORS — 2N388 


linear steps between horizontal drive pulses circuit.—W. Rial, TV Staircase Generator Uses 
coming from tv sync generator, Q2-Q3 oper- Inexpensive Components, Electronic Design, [_ 63.3 _ 
ate as synchronized free-running mvbr around Feb. 3, 1964, p 46. psec 
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OV= +20 volts 


UJT STAIRCASE WITH COUNTER—Will operate 
at inputs up to T0 kHz. Negative input pulse 
triggers Q2 on for period set by R2, to fur- 
nish drive for current source Q3-DI that 
charges C. At end of period, C discharges 
slowly until next negative pulse arrives, R4 
determines height of each voltage step on C. 
When voltage is high enough to fire ujt Q4, 
C discharges and cycle repeats. Addition 
of Q5 discharges C faster, to double maxi- 
mum operating frequency.—B. Crawford and 
R. T. Dean, The Unijunction Transistor in Re- 
laxation Circuits, Electro-Technology, March 
1964, p 40-45. 


ROW-SELECTING STAIRCASE GENERATOR— 
Used in figure-8 bar matrix numerical display 
to step down crt beam one fine and return 
it to left after every 12 generated characters. 
Circuit makes use of clock pulses (250 kHz) 
and control logic levels, as described in article. 
Flip-flops A and B give four possible output 
conditions, one for each row of characters 
displayed. Potentiometers adjust spacing be- 
tween rows. Diodes are BAX13.~A. P. Tanis, 
Numerical Display with Bar Matrix Character 
Generator, Electronic Applications, Philips, 
Pub, Dept., Elcoma Div., Eindhoven, The 
Netherlands, Vol. 27, No, 2, 1966-1967, p 
73-83. 


2X4-7V 
Zener diodes 
OA81) 


47kQ 4-7kQ 


EQUAL-STEP LINEAR—Produces linear staircase 
voltage waveform for ultrasonic image con- 
verter using switching matrix and pulse tech- 
niques for reproducing object image on array 
of 100 transducer elements.—S. O. Harrold, 
Solid State Ultrasonic Camera, Ultrasonics, 
April 1969, p 95-101. 


COLUMN-SELECTING STAIRCASE GENERATOR 
~Used in figure-8 bar matrix numerical dis- 
play to shift crt beam one place to right after 
formation of each character. Sequence of 
gates identifies end of each character and 
triggers gerferator for producing next step 
of staircase. All transistors are BSX20 and 
all diodes BAX13.—A. P. Tanis, Numerical 
Display with Bar Matrix Character Generator, 
Electronic Applications, Philips, Pub. Dept. 
Elcoma Div., Eindhoven, The Netherlands, Vol. 
27, No. 2, 1966~1967, p 73-83. 
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STAIRCASE GENERATOR CIRCUITS 


‘ 


Ca IN442A 


THREE-TRANSISTOR LINEARIZING BOOTSTRAP 
—Used with staircase generator (not shown) 
to give essentially constant increase in pulse 
voltage increments, so corners of steps are 
on straight line. Solid arrows show path by 
which Cd discharges, and broken arrows show 
its charging path. T3 acts as switch. For 
optimum linearity, value of Cc in uF should 
be changed for each frequency band, as fol. 
lows: 200~500 pps—1; 500-1,000—0.5; 1~20 
kpps~0.1; 20—50—0.01; 50—100—0.001,~—A. 
C. Gillie, “Pulse and Logic Circuits,” McGraw- 
Hill, N.Y., 1968, p 292. 


FOUR-STEP STAIRCASE—With neon lamp 
shown, firing at about 42 V, negative input 
pulse slightly greater than this value will 
require four chargings of Ca-Ch for series of 
four steps, with lamp firing on edge of fifth 
step to discharge capacitors and initiate new 
staircase.—A. C, Gillie, “Pulse and Logic Cir- 
cuits,” McGraw-Hill, N.Y., 1968, p 266. 


OUT 


2N1130 


Note: Cy should be changed to 15OpF for sweep F > 50 kilopulses 


ONE-SHOT LINEARIZING BOOTSTRAP—Used 
with staircase generator to give equal incre- 
ments, so corners of steps are on straight 
line. Solid arrows show path for Cf charging 
current; final value of this capacitor is best 
determined empirically while observing out- 
put waveform on scope.—A, C. Gillie, “Pulse 
and Logic Circuits,” McGraw-Hill, N.Y., 1968, 
p 294, 


cuits,” McGraw-Hill, N.Y., 1968, p 289. 


TWO-TRANSISTOR LINEARIZING BOOTSTRAP 
Used with staircase generator (not shown) to 
give essentially constant increase in pulse 
voltage increments, so corners of steps are on 
straight line. Depends on variable voltage 
feedback from amplifier whose voltage gain 
is unity. Maximum sweep-period time varies 
with battery voltage, for which typical value 
is 10 Vi~A, C. Gillie, “Pulse and Logic Cire 
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-Ol PULSE 


2N494C INPUT 


OUTPUT 


DI-D4 = IN4009 


-15BY 


WIDE FREQUENCY RANGE—Npn-pnp emitter- 
follower output circuit gives high input imped- 
ance and low output impedance, to reduce 
droop in output voltage between pulses. 
Npn transistor bias is effectively bootstrapped 
on output, as also is diode-capacitor pump. 
Steps per cycle depend on ratio of C1 to C2 
and amplitude of input pulse; for values 
shown, 12-V input gives 10 steps.—’’Unijunc~ 
tion Circuit Hints,” General Electric, Syracuse, 
NLY,, Fig, 6. 
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PULSE TRAIN GIVES STAIRCASE—-Each input 
pulse produces current pulse at output of 
8106 for charging capacitor in such a way 
that capacitor voltage increases linearly with 
each pulse to give staircase. Fet source 
follower or low-bias-current buffer amplifier 
must be used to isolate capacitor from lows 
impedance loads. For repetitive staircase, 
output: voltage level is sampled and used to 
trigger fet switch that discharges capacitor. 
Staircase then builds up again from zero to 
same negative level.—Applying the Model 
8106 Monolithic Precision Current Source, Op- 
tical Electronics, Tucson, Ariz., No. 10168, 


~10 V 


A ATA’ 
STAIRCASE $ eo Le Le LL 
SAWTOOTH I ao eee Cee 
staircase 27} I or 
SAWTOOTH 2 cael eel ae al 
STAIRCASE 3 ~7Le Lo Le be 
SAWTOOTH 3 a ets etl ll Pad 


SAWTOOTH 1 = SAWTOOTH A + STAIRCASE 1, ETC. 


SAWTOOTH 1 


SAWTOOTH 2 


SAWTOOTH 3 


56k SUMMING 
NETWORK 


THREE-OUTPUT SAWTOOTH—Combined analog 
and digital circuit generates staircase whose 
equal-amplitude steps are added algebrai- 
cally to ramps of sawtooth generator, for 


generating long sequential sawtooths in syn- 
chronism for crt displays, sweep circuits, and 
character generators. When ujt fires, counter 
starts and its outputs switch on Q5, Q6, and 


Q7 sequentially. Any number of sequential 
sawtooths may he produced.—E. G. Breeze, 
A Staircase and a Ramp Yield Multiple Saw- 
tooths, Electronics, March 2, 1970, p 105. 


STAIRCASE GENERATOR CIRCUITS 


Cl 


7 
AC82RIO 


f=2350 CPS 


(10 ? OUTPUT 
TURNS) 


TEKTRONIX 105 


NEON STAIRCASE—Less complex than similar 
circuits not using neons, May also be used 
as frequency divider. When input voltage of 
54 V is introduced, 3 steps appear across C2. 
Reducing amplitude of square wave by vary- 
ing 5K pot increases number of steps. Below 
40 V, circuit operates as frequency divider 
separating out odd pulses.—E. Bauman, “‘Ap- 
plications of Neon Lamps and Gas Discharge 
Tubes,” Signalite, Neptune, N.J., p 44-48. 


Ramp ' Buffer { 
generators \ amplifiers 


2N335B 


1-MHZ TUNNEL-DIODE—Maximum amplitude between 20 ys and 2 ms. 


Tunnel- diode switches 


~ 20 volts 


Steps are equal,— 
of long ramp is 10 V, with duration variable T. Mollinga, Tunnel-Diode Applications, Elec- 


SIGNALITE 
ACB2RI0 


DUAL-FUNCTION NEON-Provides both fre~ 
quency and voltage division with minimum 
components, In one mode, circuit divides 
input voltage into equal steps. In second 
mode, it acts as frequency divider in separat- 
ing odd-numbered pulses in input train, elimi- 
nating need for decoding logic in binary sys« 
tems. Mode of operation is determined by 
range of peak-to-peak input voltage; 32 to 
40 gives frequency division, and 44 to 54 
gives staircase generation with 4 to 13 steps. 
—A. B, Cistola, Neon Tube Staircase Genera~ 
tor Performs Two Jobs, Electronics, Dec, 26, 
1966, p 74-75, 


| Synchronization | Output 
H switch | amplifier 


2NI499A 


CTP309 
Ds 


NOTE: To locate additional circuits in the category of this chapter, use the index at the back 
of this book. Check also the auther’s “Sourcebook of Electronic Circuits,” published by 


McGraw-Hill in 1968. 


TSS 


OUTPUT 


tro-Technology, Sept. 1964, p 48-53. 


CHAPTER 82 
Tachometer Circuits 


No. of 


PREC{SION TACHOMETER—Designed for 12-V 
Cylinders 


negative-ground ignition system. Counts 
number of times distributor points close per 
minute, to give Uses 500-uA meter 
movement calibrated linearly in rpm, Zener 


C1 in méd for 2- 
Cycle Engine 


C1 in mfd for 4- 
Cycle Engine 


rpm. 


X11, rated 8.2 V at 1 W, prevents battery 
and generator fluctuations from affecting ac« 
curacy.—“Hobby Manual,’ General Electric, 
Owensboro, Ky., 1965, p 56, 


NOTE: WITH 6~-VOLT NEGATIVE 
GROUND SYSTEMS, USE SEPARATE 
6~VOLT DRY CELLIN SERIES WITH 


AUTO BATTERY, OR USE SEPARATE Iw 
\2-VOLT DRY BATTERY. 
: RI R2 cr 
3300 GE~Xi! 


TO 
POINTS 


+12 TACH | Lever |[ COMPARATOR SPEED 
ADJ 
een bata : 
= FIBER as | 12V 
LAMP optics C1 | i 
| + 
MOTOR | 
ARMATURE c2| | 
Q3| p2 | 
Ti 
= =] 7 = 
ALTERNATE BLACK SCHMITT MODULATOR) DRIVER AND OUTPUT! 
ANO WHITE STRIPES 
—10 GACH 


Dc MOTOR 
1 4A RUN 4 
15 ASTART 


OPTICAL-FEEDBACK CONTROL—Armature of 
motor was painted with 20 alternating black 
and white stripes, and fiber optic system 
used to transmit reflected light to phototran- 
sistor Q1, to give chopping at frequency de-~ 
termined by speed of motor, Phototransistor 
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output feeds through pulse shaper to tachom- 
eter circuit whose d-c output is proportional 
to input frequency and hence motor speed. 
Differential amplifier in comparator compares 
voltage from speed contro] RI3 with output 
of tachometer level shifter and delivers error 


voltage for control of pulse width modulator 
(Schmitt) Q8-Q9 that drives motor through 
Darlington power amplifier @11-Q12. 
Speed regulation is excellent.—“Semiconductor 
Power Circuits Handbook,” Motorola, Phoenix, 
Ariz., 1968, p 1~33. 


TACHOMETER CIRCUITS TST 


T 


P-M MOTOR SPEED—Counter-emf of perma- 
Nent-magnet motor charges Cl] between 
power pulses. Voltage across CI, equal to 
open-circuit counter-emf and proportional to 
motor speed, is read out on d-c voltmeter. 
Measuring circuit ignores resistance drop of 
load current.—J. B. Tiedemann, Permanent. 
Magnet Motor Measures Its Own Speed, Elec- 
tronics, May 29, 1967, p 84—-85. 


24-VOLT, fAMPERE D-C VOLTMETER 
GYROMOTOR 


ROTATING 
SHAFT 


OPTICAL TACHOMETER—Dab of white paint 
on rotating shaft reflects light to L14A pho- 
totransistor when illuminated by solid-state 
lamp. Filter excludes ambient illumination 
that might falsely trigger L14A. Circuit con- 
2 5Kq Vetts light pulses to proportional current 
values indicated on microammeter calibrated 
in rpm. Will measure speeds as low as 60 
rpm.—L. M. Hertz, Solid State Lamps—Part II, 
General Electric, Nela Park, Cleveland, Ohio, 
No, 3-0121, 1970, p 23, 


CORNING GLASS CS 7-69 
TR TRANS. FILTER 


high-speed 


TACHOMETER-FEEDBACK CONTROL OF LARGE 
FHP MOTOR—Philips BT102 thyristor makes 
smooth, continuous speed control economical 
for larger fractional-horsepower motors such 
as are used in automatic washing machines, 
Ceramic magnetic material mounted on motor 
shaft induces pulses in adjacent coil to give 
BZY94~C12 tachometer feedback for stabilizing speed 
a against variations in load. Thyristor is trig- 
gered by blocking oscillator at point in each 
half-cycle corresponding to setting of speed 
control R5, to give 30:1 speed range.—Series 
Moior Speed Control Systems with Tachome- 
6.8k2 BW ter, Philips, Pub. Dept., Eleoma Div., Eind- 
hoven, The Netherlands, Application No, 6, 
1968. 
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Current 
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OrSTRIBUTORe 


GROUND 6 


SPEED AND DWELL ANGLE—With switch 
tachometer position, upper two gates operate 
as one-shot trigger driven by signal from 
distributor of auto engine. QOne-shot output 
pulses have fixed amplitude and duration, so 
meter reading is proportional to pulse fre- 
quency and therefore to engine speed, With 
switch in dwell position, lower left gate of 
IC is used as inverter feeding output gate 
(lower right) for second inversion, Pulse du- 
ration at meter varies with dwell angle of 
distributor cam. Meter actually reads ratio 
of time points are closed to time they are 
open. Article gives calibration procedures. 
~§. J. Arnold, Combined Tachometer and 
Dwell Meter, EEE, Aug, 1967, p 126-127. 


Ltt 
3Vde 


2@ 7? 


gee 


SWITCH POSITIONS: 1-OFF,2-TACH, 3-DWELL 


transformer 
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TACHOMETER SPEED CONTROL—Error ampli- 
balanced 


fier uses 
caused by 


changes. C 


erating from a-¢ line. 


better than 


TR 
acvae 


2AOv 
BOHR 


Thynistor teigger 
module 


ITE S18 1s SWS O 
Mysoit 


input to reduce drift 
temperature or supply voltage 
‘ontrols 5«hp d-c shunt motor op~ 
Speed regulation is 
1% at full speed from full load 


equations. 


down to 20% load. Report gives design 


DI3 and D14 are Mullard BYX- 


22-800 or others to suit field current. 
Mullard thyristor stack, D is Mullard MY5051 
current-limiting module, and E is Mullard 
MY5011 trigger module.—J. Merrett, Thyris« 


B is 


tor Speed Control Circuit Design for D. C. 
Shunt Motors Supplied from A. C. Mains, 
Philips, Pub. Dept., Elcoma Div., Eindhoven, 
The Netherlands, No. 438, 1967. 
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LASCR OPTICAL TACHOMETER—Trigger pulses 

may be either light on laser or electrical pulses 
LASCR L9U at G. Average anode current of laser is 
06 proportional to repetition rate of pulses, per- 
mitting calibration of voltmeter in rpm.—E, 
K. Howell, The Light Activated SCR, General 
Electric, Syracuse, N.Y., No, 200.34, 1965. 


RL SK 


UA 
“CALIGRATE” a 


O 


POSITIVE-GROUND TACHOMETER—For auto 


engines having positive terminal of 12-V bat- C1 = 1 microfarad, 50 volts or positive ground, RCA SK3020 
tery grounded to frame. Meter specified greater for negative ground 
gives full-scale reading of about 10,000 rpm Cz = 0.5 microfarad, 50 volts or Q2 = transistor, RCA SK3020 
when pulses from distributor points are ap- greater Ri = 22,000 ohms, 1/2 watt, 10% 
plied to terminal 1.—"Hobby Circuits Man- CR,CRz = silicon rectifier, RCA Rez = 220ohms, 1/2 watt, 10% 
val,” RCA, Harrison, N.J., HM-90, p 111. SK 3030 Rs = 1500 ohms, 1/2 watt, 10% 
$ M = milliammeter, Oto 1 milliam- Ra = 330o0hms, 1/2 watt, 10% 
pere range (see text) Rs = potentiometer, 1000 ohms, 
Q: = transistor RCA SK3025 for trimmer type, linear taper 


4-25 MMF 


O100K RPM 


€SL7 


100 6SN7 
so -O2MF 250K / OIMF 100K 75MMF 50K RPM 
8, Ss, 
INPUT CAL 
O 6) 


= —— 10K 10W 
10oVv voy 
‘AG 
d\ 


to use transistors in place of tubes.—A. V. 
TACHOMETER FOR MISSILE FUZE GENERATOR ators used in proximity fuzes. Consists of Astin, Editor, “Radio Proximity Fuzes For Fin- 
~—Circuit shown was most satisfactory of amplifier, wave clipper, and vtvm reading Stabilized Missiles,” Div. 4, NDRC, Vol. I, 
large number developed during World War average voltage across R-C network (pro- 1946 (available from Clearinghouse, Spring« 
{l for measuring rotational speeds of gener- portional to speed). Can readily be adapted field, Va.), p 295. 
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TRIGGER OUTPUT 


ies 
3 
(4 


BAX13 
OApF 
OV 
S6nF 
motorM1 1 5 6A F 
VSO O +i 
NOR6O 
BZYa8 
C15 


TWO-MOTOR TACHOMETER—Used to provide 
very fast synchronization of speed of two 
electric motors without overshoot. Pulses 
proportional to speed are obtained from 
coils (VSO) thrugh which vanes on motor 
shafts move. Circuitry through outputs of 
Philips DOA40 IC opamps serves to convert 
pulse rates to proportional d-c voltages. 
Points a and b then go to level detector cir- 
cuit that compares the two voltages, for feed- 
ing logic circuits that bring motors into speed 
synchronization.—L, J, Lemmens, Control Cir- 
cuit for Motor Speed Synchronization, Philips, 
Publications Dept., Elcoma Division, Eind- 


O +12V (ACCESSORY CONTACT ON IGNITION SWITCH) 


ONE- SHOT #2 


| 
One-sHoT#! = | tNRESHOLD 
(TACHOMETER) { DETECTOR) 
j cs 
| DISCHARGING 
| WIT 


THRESHOLD 
INPUT. 


MPS2924 
Q2 


IN400! 


hoven, The Netherlands, Application Note 66. O1pF 

1 ov ~in 
Sé 
motor M2 : 14 ae 
Vso e] O ain 
NOREO 
Bzyse 12k0. 
C15 (*) | 


ov 


, GV BDOAGO @ 


7 OV BDOAKO @ 


Vn 


SHIFT-INDICATING TACHOMETER—Circuit 
turns on red warning lamp at pretetermined 
engine rpm value to tell driver to shift gears. 
Eliminates need for watching pointer of ta- 
chometer, Built around integrated circuit 
having two identical one-shot multivibrators. 
Can be calibrated with audio oscillator.—R. A. 
Hirschfeld, IC Engine Tachometer and “Red 
Line’ Indicator, Electronics World, May 1967, 
p 37~39. 


470kQ 470k 470k0 


O47nF O4InF 0.470F 
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A-C TACH—Circuit detects whether there is 
90-deg lead or lag between phases of two- 
phase tachometer, and can be used with 
peak detector and suitable threshold circuit 
to provide two discrete output logic levels 
that indicate direction of rotation.—T. B. 
Hooker, Phase Indicator for AC Tachometer, 


700! + 
HF HEP 104 10K 
s0'S 25 HEP 580 
DUAL 
2:INPUT GATE 
+22VOLTS ean 
TO 14 VOLTS 
To 


= = = ADIUST = 


PRECISION IC TACHOMETER—Easily adjustable 
for different ranges and number of cylinders. 
Calibrating instructions are given.—’Tips on 
Using IC’s,“” HMA-32, Motorola, Phoenix, Ariz., 
1968. 
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FEE, May 1969, p 118. 


1 VOLT LINE——) 


TAPE PLAYER SPEED CONTRO1L--Tachometer 
on shaft of drive motor produces a«c voltage 
directly proportional to speed. Tachometer 
output is applied to speed control pot, then 


NEGATIVE-GROUND TACHOMETER—Used to 
indicate speed in rpm of auto engines having 
12-V storage battery with negative terminal 
grounded to frame. Pulses from distributor 
points are applied to terminal 1 to turn Q1 
on and off as points open and close. Meter 
deflection is proportional fo rate of closing. 
Q2 acts as zener to make circuit insensitive to 
voltage variations, RS5 is used when calibrat- 
ing tachometer. Meter specified will have 
full-scale reading of 8,000 to 10,000 rpm.— 
“Hobby Circuits Manual,“ RCA, Harrison, N.J., 
HM-90, p 111. 


rectified and resulting d-c voltage applied to 
three-transistor d-c amplifier that changes 
voltage across mofor as required fo give de-~ 
sired speed.—New Motor Speed Control Cir- 


cuit and Inverted Cam Mechanism, Delco 
Radio, Kokomo, Ind., Bulletin 6D-1970-1, 
Supplement No. 3, 1969, p G-19, 


C2 cRe 


CR, 
NOT 
USED 4 


Ci = 1 microfarad, 50 volts or 


greater 
C2 = 0.5 microfarad, 50 volts or 
greater 
CR,CRz = silicon rectifier, RCA 
$K3030 


M = milliammeter, Oto | milliam- 
pere range (see text) 
transistor RCA SK3025 for 


Q 
v 


positive ground, RCA SK3020 
for negative ground 

Q2 = transistor, RCA SK3020 

R; = 22,000 ohms, | /2 watt, 10% 

Re = 220 ohms, |/2 watt, 10% 

Rs = 1500 ohms, 1/2 watt, 10% 

R, = 330 ohms, 1/2 watt, 10% 

Rs = potentiometer, 1000 ohms, 
trimmer type, linear taper 
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LASCR) = =TACHOMETER—Light-activated — scr 
serves os low-current gate-turnoff switch, 
triggered either by light or electricol pulse. l2vV 


0-6 VOLTS DC 
2000. N/V 


Meter reading depends on repetition rate of 

triggering pulses, Voltmeter eb be set i cont 
for full-scale deflection when trigger rate is “ELECTRICAL 

high enough so average current and peak cur- 25K PULSE 

rent of scr are equal, Further increase in INPUT 

trigger rate then gives pulse-skipping or fre- nen wo nnn ay 

quency-dividing action in which laser con- automatic 2:1 change in range.—F. W. Gutz- Semiconductor Applications, General Electric, 


ducts only on alternate pulses. This gives willer and £. K. Howell, Economy Power Syracuse, N.Y., No. 671.1, 1965, p 25. 


. T 
E, = -20 Gt wx Torque 


Eo = Ke 6 ws Speed 
Ey Eo 
TO” © Speed x Torque 


m 
° 
i 


Power 


Model 
4029/25 


Multiplier} 


juffer 


de Tachometer Amplifier 


MOTOR SPEED-TORQUE PRODUCT—Uses Burr- 
Brown 4029/25 quarter-square multiplier-di- 
vider to give instantaneous product of motor 
speed and torque, as required for measuring 
instantaneous output power. D-c tachometer 
on motor shaft gives speed in electrical form, 
and current through p-m d-c servomotor 
serves as other input because it is linearily 
proportional to torque. Article gives relevant 
equations,—Quarter-Square Multiplier/Divid- 
ers, Burr-Brown Research, Tucson, Ariz., PDS- 
201C, 1969, p 7. 


TACHOMETER AMPLIFIER—IC opamp con- 
nected for gain of 1,000 delivers pulse ca- 


pable of driving Q1 into saturation, as re~ 30-V negative output pulse. 


instantaneous 


IGNITION COIL 


BREAKER POINTS 
OR AMPLIFIER 


BALLAST-RESISTOR DRIVE FOR TACHOMETER— 
Clean voltage pulse of 4 to 12 V is available 
from 1-ohm ballast resistor used in every 12-V 
automotive ignition system, in form of length 
of resistance wire connected between ignition 
switch and positive terminal of ignition coil. 
Value of calibration potentiometer R2 depends 
on meter used. Circuit eliminates transient 
errors, so linearity is limited only by that of 
meter used.—R. L, Carroll, New Approach to 
Engine Tachometers, Electronics World, Sept. 
1967, p 71. 


+30¥ dec 
470 


OUTPUT 
Qo 
2N{6{3 


flywheel of slowly rotating shaft. Core of 
coil is Alnico magnet.—G. D. Morant, Op Amp 


Input is voltage Boosts Pick-up Voltage, Electronics, Aug. 5, 


quired for emitter-follower Q2 to produce induced in relay coil by triangular magnet on 1968, p 108. 


CHAPTER 83 
Telemetry Circuits 


Mn 


ov 


—I5V 


STRIP-CHART DRIVE-—-May be used also with 
X-Y and T-Y recorders. Values shown are 
for 1 V full-scale. For telemetry systems re~ 
quiring 5 V_ full-scale, increase feedback 
resistor to 270K plus 10K in series, Uses OEl 
Model 267 logamp to drive opamp. System 
accuracy is within 2%.—Using Low Cost 
Logarithmic Amplifiers in Data Recording, Op- 
tical Electronics, Tuscon, Ariz., No. 10080. 


INPUT | 


499k 1% 
RNGOS 


Input 


common © 


Ri 
47k 


10 K 


ANALOG-PERIOD CONVERTER—Converts input 
voltage to sawtooth whose period is linear 
function of input voltage over input signal 


range of —1 V to +1 V. With opamp 
(serving as summing amplifier) omitted, cir- 


cuit is analog-frequency converter, Opamps 


Cres 
RIS as 2N3824 


D4 

100k N25) 
cs cé 
50pF 0,0015uF 


are Analog Devices 105A.—S. Ben-Yaakov, 
Analog-To-Period Converter Can Simplify 
Telemetry Systems, Electronic Design, Aug. 16, 
1969, p 240 and 242, 
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IC RECEIVER—Sinusoidal input from telemetry 
transforming media goes to Model 571 IC 
frequency-to-valtage transducer, and resulting 
logarithmically compressed signal is converted 
back to original data voltage input in Model 


326 antilogarithmic amplifie.—A Wide Dy-- 


namic Range Telemetry System, Optical Elec- 
tronics, Tucson, Ariz., No, 10062, 


200 ke 
F/E DRIVER 


LE 762! 2N996 


f2l-lOkg 


Cg f=l00-Ike 


FOUR-DECADE CRM—~Improves utilization of 
twe telemetry channels, One channel is 
switched from one count-rate meter (CRM) 
to next as input rate changes, while other 
channel indicates which meter is being read 


bh—CRM 4 ——i 
f#10-100kc 


h———- CRM 3 ——+ 


—— CRM | ———4 
€2I0-1000 CPS 


F 1.7 to 4O av 
input Vo 5eh K 
(ae 5 100 WY 
from 
transaitting 69K 400 ohm 
media 
+15 > 


CR4 
IN697 


H—— CRM 2 ———4] } —_- GATE 2 —_—__+ 


out, Eliminates decrease in resolution that 
would occur if one rate meter covered entire 


range. Circuit consumes little power and is 
unaffected by wide temperature swings. 
Decade inputs are connected in parallel, while 
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O ovrpur 
1.0 Millivelt to 
1.0 Volt Data 
Output Range 


SENSISTOR 


+3,4V 


0-0.55mo MAX 
+3.4V at 25°C 40.43% /°C 


NOTE: 


1, 2N2222B >100 

2, 2N24848>260 at 0.1 mo 

3. 2N25i1 MAY BE USED 
IN PLACE OF 2N2484 

4. +6V,+12V &~V 
REGULATED 1% 


t—— SUMMER ——+ 


0 


SQUARE TRIM 


outputs are paralleled through OR gates so 
only highest is read out into telemetry sys~ 
tem. Frequency toverage is 10 pps to 100 
kHz.--S, Thomas, N-Decade Count-Rate Meter, 
Electronic Design, March 15, 1965, p 34-39. 
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REGENERATIVE SWITCH~Removes sine-wave aes “GR 
cartier in f-m/f-m telemetry, leaving only 
required pulse modulation waveform for use INRUT 


in digital circuits. Values shown are for 20- ANA 
kHz carrier and digital transfer rate of 2.5 

kHz. Filter in feedback circuit keeps hyster- OUTPUT 
esis low.—W. S. Silbert, Regenerative Switch i C2: ean 
Demodulates Sinusoid, “400 Ideas for Design : R 
Selected from Electronic Design,” Hayden 


Book Co., N.Y., 1964, p 195-196, Bio 


(-—— PREAMP ——— FM SUBCARRIER OSCILLATOR -——FM_MODULATOR—_. 


BIOPOTENTIALS—F-m telemetry circuit has 20- 
meg input impedance for nerve signals and 
0.5—120 Hz response, Used in research for 
measuring signals along various paths link- 
ing retina of eye with brain. Values of 
asterisked components depend on desired 
battery life and transmitting range.—D. Har- 
nar, Bio-Engineering Scores Wider Successes, 
Electronic Design, Dec. 21, 1964, p 6~9. 


2N2484 


INPUT wv} > 
ii OUTPUT 


Rs 20k ft fa fofofr]o}| 
INPUT 2v 
PEAK-TO-PEAK 


SLICING 
LEVEL 
"Mh thay 
+0.4¥. 
POINT A eicune 
"9" = 0.6¥ 
NOISE SPIKES 


+6.0¥ 
OUTPLT | | | | | fl 
GROUND 
~5Sv 


NOISE SUPPRESSOR—Provides 8-dB improve- ever input varies from its nominal level by Electronics, June 8, 1970, p 97. 
ment in signal-to-noise ratio for 4-kHz input only few millivolts —J. Schlageter, Telemetry 
signals by driving output to full value when- Signal Conditioner Centers Its Slicing Level, 
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LIZARD TEMPERATURE TELEMETER—Tiny 
pulsed Hartley oscillator operating of low 
duty cycle has average battery drain of 110 
BA, giving transmitting life of 130 days with 
350 mA-hr mercury cell. Pulse rate is con- 
trolled by temperature-sensing resistor RI. 
Transmitted signal has narrow bandwidth in 
range of 0.5 to 2 MHz.—H. Spencer, Thermally 
Stable Telemeter for Thermoregulation Studies, 
Science, Aug. 1968, p 574~-575. 


500-MHZ MICROSTRIPLINE OSCILLATOR-—Pro- 
vides 1 W when operating from 20-V dec sup- 
ply, for use as telemetering transmitter, 
radiosonde, artillery fuze, beacon, or remote 


580. 
MICRO-STRIP 
23" LONG 


sensor. Taps on output stripline can provide 
matching to wide range of loads.—Silicon 
Power Circuits Manual,” RCA, Harrison, N.J., 
SP-51, p 346. 


ELECTRONIC CIRCUITS MANUAL 


Regulated 
output 


+ Vde 


CR, 


6.8V 12V 
Regulator Regulator 
Input 
Pie ++ 28 V de 4- 28 Vde 
Q1, @ DEPO8B DEPO8B 
CR, CR, iN645 1N645 
CRz, CR, 1N756A 1N965B 
CR;, CR, 1N3018B 1N2979B 
RR, 43009, 14W 1600.0, 14W 
R,, R, 9109, 2W 300 2, 8W 


FAIL-SAFE DESIGN—Achieves high reliability 
through redundancy. Regulated ovtput re- 
mains constant if any single component fails 
or if one of many combinations of multiple 
failures occurs, with no excessive voltages on 
circuit. Intended for power supplies at relay 
stations, satellite equipment, and remote un- 
attended communication and data telemetry 
stations.—”’Selected Electronic = Circuitry,” 
NASA SP-5046, 1966, Government Printing 
Office, Washington, D.C., p 36, 


DIFFERENTIAL COMPARATOR—Combination of 
custom monolithic IC and outboarded level 
shift resolves signal differences in telemetry 
system and provides linear output level in- 
dicating which of two input voltages is 


greater. IC uses 


three cascaded direct- 
coupled differential amplifier stages working 
into single-ended output. External 1.4K load 
resistor and pnp level-shift stage Q14-Q15 
help maintain minimum overall gain of 


15,000. Article describes other TRW custom 
'C’s used in same system.—D. P. Schulz and 
D. J. Dooley, Integrating Space Telemetry 
Systems with Compatible Thin Films on Sili- 
con, Electronics, June 26, 1967, p 111—122. 
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22K 


GND 


ouTPUT 


b! INPUT 
400 


f SLL 
. RECOVERED PULSE WAVEFORM 
SUB-CARRIER BURSTS 7 
4-KHZ SUBCARRIER BURST REGENERATION 
Frequency-selective L-C input network with 
100-Hz passband recognizes only desired 
pulse modulation of 4-kHz subcarrier, Cirs 
cuit delivers clean regenerated pulse. D2 
provides 0.5-V threshold against noise pulses, 
—J. H. Phelps, Selective Circuit Provides High 
Pulse Regeneration, Electronic Design, March 
16, 1964, p 103. 


22-KHZ IMPLANT TRANSMITTER—Used ta mon- 


itor intestinal pressures in animals, Strain 
gages (in bridge) are sutured to small in- 
testine, and degree of balance of bridge arm 
is used to modulate subcarrier that in turn 
modulates carrier oscillator. Signal is picked 
up by f-m receiver having subcarrier filter, 
a-m detector, and recorder—W. H. Ko and 
M. R. Neuman, Implant Biotelemetry and 
Microelectronics, Science, April 1967, p 351~ 
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10k 330k z 330k 
aa Pa 
TRANSMITTER 1k be t 
MODULATION (“S) ~y) e) t 
2N3638 + 


TURN OFF CODE SWITCH» 


TRANSMITTER 


ep be kay VE 
CADELL_ BURNS RoID 36. ‘ 
Sees oon tan te potel | os Wike 
(MODIFIED! 77> 
Ke re TOP ANTENNA 
2 TURNS B2pt T200pf 
SIMIRE aso) et Fee] HBR AEE 


ALL TRANSISTORS 2N2925, EXCEPT AS SHOWN 
ALL DIODES T1~7 


GHOST BALLOON TELEMETRY~Four identical 
flip-flops in 16-counter, five NAND gates, and 
mvbr switch serve as code generating and 
repeating circuits for Project GHOST (Global 


HOrizontal Sounding Technique). Circuit op- 
erates on maximum power of 150 mA at 12 
V generated by solar-cell panel, Transmit- 


ter is shared by four sensors.—E, W. Lichfield 
and R. W. Frykman, Ghost Balloons Riding the 
Skies Will Report the World’s Weather, Elec 


‘tronics, No. 28, 1966, p 98~106, 
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THREE-IC TRANSMITTER—Input signal is com- 
pressed in OEI Model 254 [C logamp and 
resulting signal with 3:1 dynamic range fed 
to OEL Model 570 voltage-to-frequency IC 
transducer to give proportional sinusoidal 
output for transmitting over telephone lines, 
a-m or fam radio fink, laser beam, or light 
beam. Model 9125 opamp establishes proper 
voltage levels for 570. Upper limit of fre- 
quency response is 1 kHz.—A Wide Dynamic 
Range Telemetry System, Optical Electronics, 
Tucson, Ariz,, No. 10062. 


1,000-MHZ LUMPED-CONSTANT OSCILLATOR 
—Simple circuit delivers 0.5 W at 700 to 1,000 
MHz, for use as low-power transmitter in 
telemetry and other applications.—“Silicon 
Power Circuits Manual,” RCA, Harrison, N.J., 
SP-51, p 347. 


INPUT 

1.0 millivolt ns 
to 1.0 Vote Soe 
Tan witting 
songs media 
Range 


NOTE: To locate additional circuits in the category of this chapter, use the index at the back 
of this book. Check also the author's “Sourcebook of Electronic Circuits, published by 


McGraw-Hill in 1968. 


CHAPTER 84 
Telephone Circuits 


Mike 


Xmtr. 


MANUAL PHONE PATCH—Prevents tripping of nest 


transmitter at wrong time, with resultant g¢o0a 


doubling and need for repeats during ex~ jee so 
citement of carrying on radio conversation 
from remote telephone. Parts values are not am 
critical, except for transformers that must 
provide required impedance match.—G. L, 
Erland, A Junk Box Phone Patch, CQ, Oct. 
1969, p 47—48, 
Xmtc 
ptt, 
26vde, PHONE-PATCH TIMER—High-accuracy circuit 
Re ee Tae at can be set to produce speaker beep and 
£0. warning light flash at any rate from one per 
second to one every 12 minutes, Can be set 
as 10-minute reminder for identifying ama- 
teur radio call, 3-minute reminder for long- 
distance phone calls, and as beep generator 
required by law for recording phone con- 
versations. Reset switch may be used at any 
time to initiate new timing interval.—J. Ouel- 
lette, The Ten Minute Minder, CO, May 1965, 
p 60, 
(CAP. DECADE FOR 
R-C LINE EQUALIZER—Eliminates bulky induc- 10 5000pF) WB GAIN ADJ 
tors when transmitting data over phone lines. HI FREQUENCY ADJ 
Circuit is easy to align to attenuation char- 
acteristics of given line. Used for transmit- cl oe 
ting 50-kilobit data in which waveform has 2000 pF 
frequency components from 10 to 70,000 Hz. 
Article gives equalizer transfer function equa~ 
tion and Bode plot.—A. R. Campbell, Line 20k 100k 
Equalizer Uses Active RC Network, Electronic Vv4aw i/2w 
Design, Feb, 1, 1969, p 74 and 76. 
{OOkHz 
ea L.P, FILTERS OUTPUT 


$350/1350 


ADC PRODUCTS 
7 AlG300 


Apc PROOUCTS 
# AlIG300 


INPUT EQUALIZING 
STAGE STAGE 
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770 


SOLID-STATE TONE RINGER~Used in Ericfon 
one-piece telephone to give pleasant war- 
bling tone instead of nerve-jangling sound of 
standard bell, Ringing 20-Hz voltage recti- 
fied by power source is applied to transistor 
oscillator via neon lamp, Oscillator produces 
sine-wave output of variable amplitude which 
causes diaphragm of receiver to vibrate, gen- 
erating tone.—-E, Bauman, “Applications of 
Neon Lamps and Gas Discharge Tubes,” Sig- 
nalite, Neptune, N.J., p 98. 


ife) go Pate 
TELEPHONE! Se 
JACK ? 
ASIA 
: 
1 
i SIB 
a mt ta 
ON , 


CB PHONE PATCH—Can be connected to tele~ 
phone line through telephone jack, or through 
protective network furnished by telephone 


ELECTRONIC 
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TELEPHONE AMPLIFIER—Used for listening to 
both sides of telephone conversation on loud- 
speaker. LI is commercial induction coil 
made for telephone pickup, placed near tele~ 
phone set or telephone line (Radio Shack No. 
44-533). 1! is transistor audio output trans- 
former with 500-ohm primary and 8-ohm sec- 
ondary, driving small 8-ohm speaker.—“A 
Modern Transistor Workbook,” Radio Shack, 
Boston, Mass., 1965, p 24. 


POWER SOURCE 
EXCITED BY RINGING CURRENT 


OSCILLATOR 
CIRCUIT 


6800 


8500 


2N241A 


25 


) fr col | 
|. ne|CONTACTS TELE-! 
LINE PHONE. | 
\ 

| . RECEIVER | 
CN teen he, wit et ae ee, Ll J 


*% INSERT JUMPER TO DECREASE LEVEL 


TO MICROPHONE 


PRESS-TO-TALK 
CIRCUIT 


MIC. INPUT 


BREAKER 
CIRCUIT 


LEADS = _HERE 


company. 


If person at distant telephone is 
called conventionally by phone and switch 
SI is closed, that person can transmit and 


receive over station equipment connected to 
phone patch.—Phone Patch, CB Magazine, 
July 1969, p 16, 34—36, and 38. 


INPUT 
(GREATER 
THAN 

5 VOLTS) 


RESET 
3 
JL 


TELEPHONE CIRCUITS 


PHONE NOISE CANCELLER-Feedback circuit 
shown is inserted in telephone line at sub- 
scriber’s location to cancel large noise volt- 
ages induced by power lines. Circuit senses, 
amplifies, and reintroduces these longitudinal 
noise voltages 180 deg out of phase to give 
cancellation.—R. G, Stoneman, Feedback Elim- 
inates Noise in Telephone Circuit, Electronics, 
‘Nov, 27, 1967, p 82. 


-10v 


PCM SWITCHING—Transistor-tunnel diode com- 
bination provides high-speed switching along 
with memory, in Japanese PCM-24 telephone 
system in which speech signals are sampled 
8,000 times a second. A set signal switches 
tunnel diode to high-voltage state, where it 
remains after set pulse is removed, Reset 
signal switches diode to low-voltage state, 
where it remains after reset pulse is removed. 
—H. Inose and H. Fujisaki, Japanese Stay with 
PCM to Meet Mushrooming Growth in Teleph- 
ony, Electronics, Dec. 12, 1966, p 134—147. 


TUNNEL-DIODE PCM SHAPER—Similar to 
Schmitt trigger, but simpler, more stable, and 
requires less power, Operation is mono- 
stable. Used in Japanese PCM-24 telephone 
system.—H. Inose and H. Fujisaki, Japanese 
Stay with PCM to Meet Mushrooming Growth 
in Telephony, Electronics, Dec. 12, 1966, p 
134—1 47. 


TELEPHONE LINE 


SUBSCRIBER'S 
STATION 


FAIRCHILD 
HEX 
INVERTER 

9016 


ALL RESISTORS 
aw £5% 


72 0F 22% | 
TISN7474N 


771 


DATAPHONE CARRIER DELAY—Gives adjust-~ 
able delay of up to 9 ms for leading edge 
of input pulse when carrier-detect line from 
Dataphone comes on, to avoid noise that 
normally appears during first 4 ms due to 


line deflections, 


Advantages are low cost, 


noise immunity, and ability to provide delays 
up to several seconds without need for large 
capacitors.~—D, J, Duffy, Delayed-Action Data 


‘Receiver, EEE, Oct. 1968, p 127-128. 
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605 97.5 


16—20 KHZ CHANNEL BANDPASS FILTER—De- 
Induc- 
tances are in mH and capacitances in pF, 


signed with coupled resonator units, 


TELEPHONE-CHANNEL 


AMPLIFIER—Fairchild 


Maximum reflection coefficient is 0.15 over 
equal-ripple passband of 16.2 to 19.5 kHz. 
Gyration resistances are 4K.—H. J. Orchard 


{5uf /30wy 


and D. F. Sheahan, Inductorless Bandpass 
Filters, IEEE Journal of Solid-State Circuits, 
June 1970, p 108~118. 


A716 low-distortion IC opamp matches 600- 
ohm line impedance and provides flat fre~ 
quency response over channel bandwidth of 


0,1 to 3.2 kHz. Output is 13 dBm. Article 
contains 13 other IC opamp application cir- 
cuits.~J, F. Gifford and M. Markkula, Linear 
1C’s: Part 5, Ins and Outs of Op Amps, Elec- 


TELEPHONE-CHANNEL IC AMPLIFIER—~Provides 
40 dB gain with less than 0,1% distortion. 
Output noise level is minus 75 dBm over any 
4,000-Hz bandwidth.—D, E. Lancaster, Audio 
Integrated Circuits—What’s Available?, Elec- 
tronics World, ‘Oct. 1967, p 34~36, 


tronics, Nov. 27, 1967, p 84~93. 


2K: 33K 375K 


A/D CONVERTER 


NOTES: 
RESISTORS — PEN TIP 
ESI RS — 74 W excEe INPUT 
WHERE 
NOTED 


82 SPKR 
PNP - 2NI307(2N4041 
NPN—2NI306(2N585) 
DIODES ~ N34 TYPE 

NPN'S~@ IN DECODER 1 IN A/D CONVERTER 


ASCH CHARACTER TRANSMITTER—When 
acoustically coupled to conventional handset, 
generates coded tone sequences for 128 
alphanumeric characters when user dials re- 
mote machine and inputs message by point- 
ing at symbols on keyboard with hand-held 


TIN OSCILLATOR 


TO RESISTOR ENCOOER PLATE 
2 


PULSER 


Seite saat teak = a ae oe 4 
DECADE COUNTER 
WITH DECODING | 


CONTROLLEO OSC. 


+ 4. 
\ POWER SUPPLY 
cise 1n3254(2) 220 
PEN (SPOT, BREAK 2 iw = 
BEFORE MAKELINPUT 2 3 ores: x 
(POLE) POWER a ers 5 iy 
TRIAD ty 
u?vac F90Xx IN(523(2) 
Ne — 
TO PEN SW 
Ne 
selection pen in hunt-and-peck fashion. sure-actuated switch that advances counter. 


Tone sequences correspond to those gener- 
ated by most Teletype-Dataphone terminals 
in typical time-sharing systems. Pen closes 
conductive path and at same time has pres- 


—M. H, Lewin, Portable Electronic Keyboard 
for Computer Input by Telephone, IEEE Trans- 
actions on Electronic Computers, June 1967, 
p 332-334. 
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200 


INS14 


30 pF 
50Vv 
NON-POLAR 


U 
$2 TO RECORDER 


REMOTE INPUT 
AUTOMATIC RECORDER—Requires connection 


to telephone input wires L1-L2, which are 
normally 48 V d-c. When phone is on hook, 
this voltage energizes relay KI and keeps 
recorder switch contacts open, Combination 
of relay and series resistor must be well above 
2K to prevent off-hook indication. Ringing 
voltage of 90 V at 20 Hz is blocked out of 


INSI4 


TO AUDIO(AUX} 
INPUT 


0.01 pF 
200V 


¢—~0 


audio input to recorder by IN914 diode pair 
and kept out of relay coil by 30-uF capacitor. 
When receiver is lifted, varistor in phone 
drops 11-12 voltage to about 6 V dec, and 
relay drops out for starting recorder and 
recording both sides of conversation. Relay 
can be Sigma 65FIA or equivalent 24 V dec 
unit.-H. Metz, Automatic Telephone Re- 
corder, FEE, July 1970, p 85. 


272 272 


LINE AMPLIFIER—Provides gain of 100 (40 
dB) when inserted in 600-ohm telephone line. 
Output across secondary of line transformer 
is 22 dBm. Uses model 409 IC opamp. 
With 150-ohm primary in output transformer, 
output level goes up to 30 dBm.—B. J. Los- 
mandy, Operational Amplifier Application far 
Audio Systems, Opamp Labs, Los Angeles, 
Cal., 1968. 


109.2 


103.2 


108.35 


108.55 


POLE FREQUENCIES kHz 


104-108 KHZ CHANNEL BANDPASS FILTER— 
Used in multiplex telephony. Designed with 
grounded inductors that are all 1.523 mH, 
and negative capacitors whose values are 
given in pF. Gives maximum reflection co- 


FREQUENCY DIVIDER 


efficient of 0.1 over equal-ripple passband 
from 104.5 to 107.85 kHz. All gyration re- 
sistances are 1.8K (Riordan gyrator). Supply 


voltages of 10 V positive and negative were 
used for opamps in both gyrators and nega- 


101.3 


10.8 


tive-capacitance circuits that simulate com- 
ponents shown.-H. J, Orchard and D. F, 
Sheahan, Inductorless Bandpass Filters, IEEE 
Journal of Solid-State Circuits, June 1970, p 
108-118. 


SN7473N 


f 


{ fo 
1,200 hz 


2,400h2 | 


1,200-BPS MODEM—Developed at U. of Illi- 
nois for Plato (Programmed Logic for Auto~ 
matic Teaching Operations) system. Input 
signal from phone line, consisting of two 
cycles of 2.4-kHz sine wave for binary 0 
and one cycle of 1.2 kHz for binary 1, is 


TEST POINT A 


100k 


4 Bkhz 
OSCILLATOR 


PHONE LINE 
(6002) 


500 


converted back to digital form by limiting 
amplifier and integrator-comparator whose 
threshold is set so that only the 1 pulses, 
twice as wide as 0 pulses, rise above 
threshold, Resulting 1 pulse turns on data 


flip-flop, while 0 pulse turns it off, to restore 
digital equivalent of transmitted data.—J. 
Stifle and M. Johnson, Design Pruning Trims 
Costs of Data Modem, Electronics, July 20, 
1970, p 99-101, 
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“10v 


FROM ek 
SUMMING 
AMPLIFIER m 


{ 
2SA417 


TD 
TIMING IS{i99 
PULSE fl 


INPUT 


TELEPHONE TRANSMISSION CIRCUIT—Used in 
new handset developed for British Post Of. 
fice telephone system. Includes highly effec. 
tive automatic line regulator, Tone ringer is 


5k 


Q2 
2SA47 


COMPARATOR WITH AND GATE—Used in 
feedback encoder for Japanese PCM-24 tele- 
phone system, for comparing amplitudes of 
pulses created by sampling speech signals 
8,000 times per second. Input must be above 
specified level and timing pulse present to 
get pulsed output.—H. Inose and H. Fujisaki, 
Japanese Stay with PCM to Meet Mushroom~ 
ing Growth in Telephony, Electronics, Dec, 12, 
1966, p 134-147, 


TONE 
RINGER 


© O O O 
INDUCTION r20 45 
CoiL 
single-transistor oscillator, giving more pleas 
ant tone than harsh magneto bell, €2 and 


RS serve as dial spark-quench circuit, elimi= 
nating unwetted cradle switch contacts from 


speech circuit.—J. $. P, Roberton and A. C. 
Beadle, Deltaphone, Flectrical Communication, 
42:2, 1967, p 212-218, 


NOTE: To locate additional circuits in the category of this chapter, use the index at the back 


of this book, Check also the author's “Sourcebook of Electronic Circuits,’ 


McGraw-Hill in 1968. 


published by 


CHAPTER 85 
Television Circuits—Black-and-White 


+200 


VIDEO AMPLIFIER WITH ZENER BIAS—Volt- 
age regulator diode in cathode circuit of 
pentode makes constant black level more 
teadily obtainable and gives higher gain be- 
cause it introduces no degeneration. With- 
out cathode degeneration, however, there is 
no selfeompensation for tube aging.—Voltage 
Regulator (Zener) Diodes, Philips, Pub. Dept., 
Elcoma Div., Eindhoven, The Netherlands, Ap- 
plication Book, p 59. 


To cathode 
of crt. 


BZY93-C7V5 


1-OnF; 


J mp pulses 
oe P pul: aa 


E BLANKING 


OSCILLATOR 
TWO-TRANSISTOR VERTICAL DEFLECTION— portable tv. Blocking oscillator QI pericd- | age.—Careful Sweep Design Cuts Power Drain 


ically discharges Cl, which is charged through and Cost, Electronics, Nov. 14, 1966, p 167— 


Number of components is minimized with cir- 
Rl to generate vertical sawtooth sweep volt- 169. 


cuit version used in Sony model 700U 7-inch 


TVS 
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VHF-UHF TUNER—Matsushita design operates 
from 5-V battery and requires only single 
combination vhf/uhf antenna. 
ceiver drawing only 1.35 W from set of pen-« 
light batteries and having 1.5-inch-diagonal 


screen. 
if amplifier in uhf mode. 
Used in re- 


Mixer stage of vhf tuner doubles as 


Uses electronic 


tuning through variable-capacitance diodes, 
fixed inductors, and switching diodes. 
4:1 frequency ratio requires coil switching 


Vhf 


es 
by diodes, but 2:1 frequency ratio of ubhf 
band is handled without switching.—R. Sasaki 
and K. Uno, Low-Power Design is Heart of 
Penlight-Powered Mini-Tv, Electronics, June 8, 
1970, p 106-113. 
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CATV DISTRIBUTION AMPLIFIER—Uses power 
fet made by Crystalonics, to give excellent 
stability with 2 W output up to several hun- 
dred megahertz for community antenna tv 
distribution systems.—J.  Tamosaitis, The 
Power FET, Electronics World, June 1969, p 


34~-35 and 82. 
1C:AR048 
“t4y 
S60 2 J} $330 gy, SHO PO ~7] 
VIDEO ‘ 
I-F INPUT | 
FROM TUNER {00pf | 
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33pf 0.3uh | 
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S3uf | 
OUTPUT FILTER 
0.00lyF a aoe 
~ VIDEO I-F AMPLIFIER 
1G: AW049 
DETECTOR VIDEO PREAMP VIDEO OUT 
Q7 
6.8k 
47 
+4y TO SOUND LF TO CONTRAST TOCRT 
CONTROL 
NOISE ICtHFO50 
CANCELLER AGC ‘ 44y 
VIDEO I-F FOR 1.5-INCH SCREEN—Uses three 10k 
standard IC radio amplifiers all operated 33k 
from 5-V penlights of Matsushita portable tv. inf (yr I2k 
Transistor detector Q5 gives 12 dB gain, as et ) 
compared to 8 dB loss of diode detector. TO TUNER AGC 
Noise canceller Q8 improves sync circuit sta- pA i 


bility by removing noise from video signal. 
Operates from transistor voltage regulator 
that holds voltage within 0.1 V of 4 V as 
battery voltage drops from 5.5-V fresh value. 
—R. Sasaki and P. Uno, Low-Power Design 
is Heart of Penlight-Powered Mini-Tv, Elec- 
tronics, June 8, 1970, p 106~-113. 
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int 
TV VARACTOR-DIODE TUNER—Developed in 


Europe for covering 50-65 and 170-220 MHz 


vhf tv tuning ranges. Uses two switchable 
broadband input circuits with three varactor 
‘diodes and three transistors. Tuner band- 
width is 9 MHz and power gain is 25 dB. 
Provides fine-tuning accuracy and stability 
needed for pushbutton tuning.—H. Keller, 
Overcoming Design Problems in Varactor- 
Diede Tuners, Electronics, Jun. 6, 1969, p 
88-92, 


9511 
HEAT SINK 


220 VARIABLE i 
¢ —t OUTPUT 
OPTION 
as 360 WW 
75KS (12-30 VOLTS} I 
500 |, yee > ole] 
50 VaR 2 


502 
STANCOR C2685 HEAT SINK 


35 mH, 072 


8501, 510,831,541 *2NZI02 
502, 511,540 = 2N30S4 
[520 =2n3442 

Q 539+ CA30I8 


TV CAMERA SUPPLY—Provides 1 A at 30 V 


with 0.005% load regulation, for vertical 
deflection service. Noise and ripple are 
more than 100 dB down p-p, and line regula- 
tion is better than 0.01% for 10% change in 
a-c fine voltage. Q530 is CA3018 IC differ- 


ential amplifier which drives 2N3422 series 
regulator Q520, Transistors Q510 and Q511 
form additional regulator stage needed for 
good line isolation while providing power for 
matching and driving network, and serving 


as decoupled reference for amplifier load rex 
sistor.—-O, H. Shade, Jr., Stable Solid-State 
Vertical Deflection for High-Definition Televi- 
sion Systems, RCA Review, March 1970, Pp 
120—147, 
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08 +12 VOLTS 


IC QUADRATURE DETECTOR—-PA189 linear IC 4.5MHz0—| 
i-f amplifier is used here as quadrature-detec- 
tor type of f-m discriminator for b-w tv, 
Arrangement is more economical than ratio 
detector but has about 10 dB less a-m re- 
jection.—E, L. Haas and D. J. Hubbard, Linear 
Integrated Circuits in a TV Sound System, 
General Electric, Syracuse, N.Y., No. 90.74, 


1968, Quh ai 
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op 82k Toe 


DEFLECTION WITH 5-V SUPPLY—Used in Mat- age, As ae. voltage drops with age, ness decreases,~—R. Sasaki and K. Uno, 
sushita 1.5-inch-diagonal tv operating from deflection amplitude and high voltage fall Low-Power Design is Heart of Penlight-Pow- 
5-V penlight batteries. Both [C oscillators proportionally; since required deflection am- ered Mini-Tv, Electronics, June 8, 1970, p 
use emitter-coupled multivibrators, with afc plitude is inversely proportional to high volt- 106—113. 

required only for horizontal oscillator volt- age, raster width still fills screen but bright. 
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@ cazoas @ OR Sut (Vr ; 
ioVv be Ce) [a3 é 
sot fe) 3000 Psat 
680 
+1000 
= T2V 
2Na068 
d O O ne 
~6V = ~30V -6V ial 


HORIZONTAL DRIVE—Circuit includes drive- 
waveform controls, switch circuits, and hori- 
zontal drive approaching ideal in stability 
and linearity, for use in high-definition 4,000- 


wn 


TYPE 
2N4036 


] 


TYPE 
2Nn2102 


line tv system. Developed for use with 4.5- 
inch retura-beam vidicon camera. Terminal 
S$ goes to horizontal ramp generator, and 
terminal A goes to horizontal switching cir- 


BF 


22 


HORIZONTAL RAMP GENERATOR~Provides 
superior stability ond linearity for 4.5-inch 
return-beam vidicon camera of 4,000-line tele- 


68 -30V 


vision system, Operates ot 1 MHz. Ramp 
output at R goes to horizontal switching cir- 
cuit, Terminal $ at upper left goes to hori- 


DC-SET 


Los 26 4B FB 


cuit—O, H, Schade, Jr, Linear Solid-State 
Horizontal-Deflection Circuit For High-Defini- 
tion Television Systems, RCA Review, March 
1970, p 148-170. 


TYPE 
2N4036 


TYPE 
2N3442 


T2 


zontal drive circuit-O. H. Schade, Jr., Lin- 
ear Solid-State Horizontal-Deflection Circuit 
For High-Definition Television Systems, RCA 


Review, March 1970, p 148-170. 
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HORIZONTAL SWITCHING—Uses logic circuits 
to regulate control voltage levels and power 
supplies, as required for fast and slow scans 
in 4.5-inch return-beam vidicon camera of 
high-definition . 4,000-line tv system. Ter- 


minal A goes to horizontal drive circuit, and 
terminal B goes to horizontal ramp generator. 
~—O. H. Schade, Jr., Linear Solid-State Horizon 


781 


aa mi 


lor 


CENTER 


tal-Deflection Circuit For High-Definition Tele- 
vision Systems, RCA Review, March 1970, 
p 148-170. 


Rs=5062 


Ry 15 kQ, 4 W 

R2 18 kQ, 4 W 

R; 2.4kQ, WwW 

Rg 4.7kQ, + W 

Rs 68 kO, 4 W 

Re PkQ, 4 W 

Ry 2.7kQ, 4W 

Rs 1.2kQ,4W 

Ro 1802 ,4W 

Rio 15kQ,4W 

Ry, 6802, 4W 

Rin 12002 ,4W 

All resistors, + 5% 

C1, Cp-Ca 

C7z-Co } 12 pF 

Cit, Cra 

Cs 220 pF disk, —20/-+50% 

Cs 6 pF 

Cio 5 pF disk, +10% 

Ci3-Ci6 560 pF disk, —20/+-50% 
lai 1.5 nF feedthrough, —20/+50% 


Ly, L3, Le 


24 mm Ag plated Cu strip 4 mmX0.5 mm 
15mm Ag plated Cu strip 4mm x0.5 mm 
24 mm Ag plated Cu strip 4mm x0.5 mm 
10 mm Ag plated Cu strip 5 mm x0.5 mm 


742-750 MHZ ANTENNA AMPLIFIER—Pro~ 
vides gain of 30 dB for European channel 55, 
with 7-dB noise factor and 80-mW output 
signal—J. Tuil, Transistor Equipped Aerial 
Amplifiers, Electronic Applications, Philips, 
Pub. Dept. Eleoma Div., Eindhoven, The 
Netherlands, Vol. 28, No. 2, 1968, p 60—78. 


40nH, 4 turns 0.7 mm enamelled Cu on 3 mm dia., 1.5 mm pitch 


4 beads ferroxcube 3D3 


single loop 1.0 mm Ag plated Cu, length 28 mm, width 12 mm 
single loop 1.0 mm Ag plated Cu, length 23 mm, width 12 mm 


BLANKING 


2snle? 


65 


DEFLECTION 
COL 
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SYNCH THERMISTOR 
+HI0V 
foe + 
18k 1T22 20pt 
20nf 
ee 
50x = 5uf lop 
‘ 
25065 2spi27 
75k 39k 10k tk 3 
LINEARITY 
OSCILLATOR DRIVER 


LOW-DRAIN VERTICAL SWEEP—Design goal 
for 4-inch Sony 4-20UW battery-operated 
portable tv was reduction of battery drain. 
Combination of four transistors used as shown 


Ry 560 kQ Rg 
R3 0.9 MQ Ro 
R3 680 kQ Rio 
Ra 270 2 Ri 
Rs 1.2 ko Ries 
Re 8.2 kQ Ri3 
Ry 3.3 ka Ria 


PLUMBICON PREAMP-—Circuit shows complete 
preamp for b-w tv camera tube such as 
Plumbicon. Frequency response is substan- 
tially flat to 5.5 MHz. Two fet stages in 
parallel in input stage give required low 


gives deflection current of 134 mA p-p with 
only 20 mA dec. Power drain is thus less 
than half that of more conventional class A 


12 kQ Ris 33 kQ Rx 
6.8 kQ Rx6 100 Q Ras 
24 kQ Ri4 1 kQ Ch 
180 Q Rig 270 C2 
420 Q Ri5 10 Q C3 
1 kQ 20 680 2 Ca 
27 -kQ Ray 12 kQ Cs 


noise figure. Circuit makes use of frequency- 
dependent feedback. Miller effect in input 
stage is avoided by using TR3 in cascode 
with parallel fet’s—B. Overgoor, A Camera 
Tube Amplifier with FET Input, Electronic 


OUTPUT 


circuit.—Careful Sweep Design Cuts Power 
Drain and Cost, Electronics, Nov, 14, 1966, 
p 167—169. 


+20V 
{ 

1522 

— 
10 kQ Ce 50 uF 
68 Q Cy 250 uF 
0.1 pF Cg 25 pF 
80 LF Co 80 uF 
0.1 KF Cio 0.6 nF 
100 pF Ci 15 nF 
80 LF Cy2 125 uF 


Applications, Philips, Pub. Dept., Eleoma Div., 
Eindhoven, The Netherlands, Vol. 28, No. 4, 
1968, p 155-159. 
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BASE-CIRCUIT CONTRAST CONTROL—R2 and 
R3 keep black level constant while contrast 
is controlled with R4. Video signal is dis- 


La ) 
ete 


torted at maximum setting of contrast pot, 
but distortion can be cleared up by turning 
back the control.—A. Cense, The N-P-N Sili- 


183 


O+Vg 9(145V) 


pict, tube 


O+V,1(12V) 
con Planar Transistor BF178 in a Video Am- 


plifier, Philips, Pub, Dept., Elcoma Div,, Eind- 
hoven, The Netherlands, No. 251, 1966. 


2.7 pF ceramic, +0.5% 
82 pF ceramic, +5% 


680 pF disk, —20/+50% 


2.2 nF feedthrough, —20/+50% 
1.5 pF ceramic, 40.5% 


Ri, Rs 39 kQ, + W Ry 33 kQ, 4 W Cy, Ca 
2 Re Ri 1.3 kQ, 4W Cr, Ce 
Rt asad Ri3 12kQ,4W C3, Cr, 
R3 3.9kO,4W Ris 56002 ,4W Co, Cro 
Ra, Rg, R12 1302,4¢W Ris I53Q2,4W C13, Cia, Cr) 
Ry 2.4kQ2, 4W Riz 9Q2,4W Cs, Cg, Ci2 
; iss Cig 
All resistors, 45% Cie Cis 
L,-Ls choke Type 3122 108 20150 
Le, Ly 40 nH, 4 turns 0.5 mm enamelled Cu on 3 mm dia., 0.5 mm pitch 
Lg 30 nH, 3 turns 0.5 mm enamelled Cu on 3 mm dia., 0.5 mm pitch 


FOUR-STAGE 40-860 MHZ ANTENNA AMPILI- 
FIER—Provides gain of 26 dB and 70-mV 
output per signal over entire European tele- 
vision band, with noise factor of 6.9 to 10 
dB. Inductor shunting input terminals dis- 


sipates static charges accumulated on an- 
tenna, to protect transistors from damage by 
sudden discharge. Further protection is pro- 
vided by BAX13 diode connecting base of 
input transistor to ground.—J. Tuil, Transis- 


tor Equipped Aerial Amplifiers, Electronic Ap- 
plications, Philips, Pub. Dept., Elcoma Div., 
Eindhoven, The Netherlands, Vol. 28, No. 2, 
1968, p 60-78. 
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10kQ 1kS2 
4 82nF 
2.7kS2 
= 
1OuF 
4. pF 
O.5MH2 TBS 
wm 
fe 
, & 
ao 
cha 
1OpF 


MEASURING VIDEO AMPLIFIER LINEARITY— 
Connections are shown for showing gain and 
collector voltage simultaneously on screen 
of dual-trace cro, One input is 50-Hz saw- 


Fig 
R, 27kO, JW Rs 470 Q, 
R, L2kQ, 4 W Ry, 300 Q, 
Ry tkO, 4 W R, 47 , 
R, 390kQ, |W Rg (200, 


625-LINE VIDEO AMPLIFIER—Uses two direct- 
coupled stages to drive Ul-inch picture tube, 
Bandwidth is at least 4 MHz for 3-dB down 
at all settings of contrast control. Output 
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+145V 
ra 
20uF 82nF 
120 pH 
38kS 
390pF 390pF x scope 
[{(? BF178 A79 
g : af | 
i) 
2 es] ) 2 | 1anF 
220pF 
OV 
a | i 
1680 22 1002. 50082 a 
or i + 10pF 8.2nF 
+12V 


tooth with sufficient amplitude to drive out- 
put stage from cutoff to knee. Other input 
is 0.5-MHz sine wave with 10 mV p-p am- 
plitude.—A, Cense, Recent Developments in 


. 3. Circuit diagram of the video output ampl 
iw Rg 180 2 LW C, 
pot. Rip 820 2, LW Cz 
4+W Ris 4.7kQ, 5.5 W C3 
tw Rio SSKQ, LW C4 


voltage (black-to-white) is 50 V and gain is 
30. Black level is independent of contrast 
control or picture content.—A. Cense, Recent 
Developments in Circuits and Transistors for 


Circuits and Transistors for Television Receiv- 
ers, Electronic Applications, Philips, Pub. 
Dept., Elcoma Div., Eindhoven, The Nether~ 
lands, Vol. 27, No. 2, 1966-1967, p 41-52, 


+85V 


picture 
tube 


ifier. 

4.7 pF, 500 V Cs 10uF, 16V 
10 nF, 16 Vv Ce 68 nF, S500V 
6.8 nF, 500 V Cy 20uF » 250V 
180 pF, 500 V Cy 68 nF, S0OV 


Television Receivers, Electronic Applications, 
Philips, Pub. Dept., Elcoma Div., Eindhoven, 
The Netherlands, Vol. 27, No. 3, 1966-1967, 
p 85-91. 
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SYNC SEPARATOR FOR MONITOR—Works 
equally well on standard or closed-circuit piv ae O +275V 
signals in television monitor. Depends on ow 
coincidence of vertical syne signals and non- 
coincidence of horizontal sync signals in 
coincidence circuit. Gives improved vertical 
resolution, accurate interlace, and noncritical 
vertical hold adjustments.—H. F. Stearns, De- 
lay-Line Sync Separator Improves Video Reso- 
lution, Electronic Design, Nov. 22, 1965, p 60. 
NEGATIVE 
oe 
NEGATIVE ouT 
composite o—{ 
SYNC 
IN 2Nnii32 
20 
SOuf 
err YeRT SCAN % 
"at ye— et as fen 1 
Focus C2i os vert 
AS Saf 
VORB. cis | 33K GOlk Ni = ly? Soar oie 
ATaF 10 f,.) 4 
3 3 au ron fons 10 19 we ste 
( cle [ ah 
wer Bu (al) RIT 
le\sj2 18 cis og BRK | | ean 1K oN 
ata [| | ht eo a 
56K> 343K | S6K 15K CURRENT SECA ison 
[esses ee ee ee ee 
= HORIZ SCAN 
Boe kee 
HORIZ 
C45 
(uF oie 
R 
9039] Les: ay 
VIDEO AMPLIFIER MF 
19K 
ELECTROSTATIC FOCUS — |+300V 
R50 RS) R52 BF 
1OOK 10¢ 220K 
ia | tt 
83 
va Sale| 
TARGET VOLTS cio 
Ine oT REO y 20 pF 
=30V 00K. 
COLLECTOR] EMITTER ae 
a [AA | a 
Oo ae Mad 
94 Ly Pe Hiv 
98 be | Anse CAMERA FOR HOME RECEIVER—Has both r-f 
ee = 4A Be AAts and video signal outputs, for connecting di- 
a) nics ali Lee AV?! rectly to antenna terminals of set, or can be 
els | SU. Pe baad DoS as used with video line amplifier to drive video 
ne fet whee tape recorder or ham tv transmitter. Article Q16 SA599. With short whip antenna con- 
[VV rr ANB gives construction details and sources for nected to output of oscillator, camera will 


yoke and focus coils. Alternative vidicon 
having higher sensitivity is 7735A. Diodes 
DI-D7 are GE-504; D8-D1] 1N60; Q1-Q2, 
Q6-Q13_ 2N3638; Q3 2N2926; Q4-Q5, Q14- 


transmit picture to tv set about 50 ft away. 
—G, Davis, Jr,, Build All-Transistor TY Cam- 
era for $100, Redio-Electronics, July 1969, p 
23-26 and 92. 
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+130 
HOR 
OUTPUT 
3.3k tk 100nf (BUI0S) 
25yf 
4 PF 
ok 5.6nf 
160 64ut 
# Lok 
590.2 
32pt DRIVER 
140 pie 


(BD{15) 
BDi 1 


2.2% 5.6 nf 390 


2.7 af 


for designing all-transistor large-screen tv.— 
ALL-TRANSISTOR HORIZONTAL SYSTEM—De- put stage is designed so it cannot be dam- WW. Hetterscheid, All-Solid State Design Over- 
veloped for 23-inch Philips tv sets, Oscilla- aged by sudden failure of oscillator or takes Large-Screen Monochrome TV Sets, 


tor should have frequency adjustment, Out. driver. Article gives step-by-step procedure = Electronics, June 24, 1968, p 104-111. 


24V 
=> o8 == =~ i = ao 3 = 


ue ne uit Ae L12 ald ug z Le the aa 


bit 
a 


R, 302 ,4W Cy, C2 3.3 pF ceramic, +0.5% 
R, 2.4 kQ, + W 3 39 pF ceramic, +5% 
R3 3.3.kQ, 4 W C4, Co. Cr, Cg 123F 
Ra, Rs 7502,4W — Allresistors, 45% Cis Cras Cia, Cre 2p 
Re, Ryo 1500,4W Cs Chip, Cis 1 nF disk, —20/-+50% 
Ry 1.8kQ, +W (om 100 pF ceramic, +5% 
Rg i502 ,4W C4 15 pF ceramic, +5% 
Rio 4702 ,4W Ci7 8.2 pF ceramic, +0.5% 
Ry, 1.2kQ, iW Cyg-Cg 4.7 nF feedthrough, —20/+-50% 
Ria 822 ,4W 

Ly, Le 190 nH, 9 turns 0.5 mm enamelied Cu on 4 mm dia., 1.0 mm pitch 

Ls 14 nH, 20 mm loop 0.6 mm Cu 

La, Le 35 nH, 2 turns 1.3 mm Ag plated Cu on 8 mm dia., 2.0 mm pitch 

Ls, Ly 20 nH, I[turn [.3 mm Ag plated Cu on 8 mm dia. 

Le 60 nH, 3 turns 1.3 mm Ag plated Cu on 8 mm dia., 2.5 mm pitch, 

tapped at !} turns from earthed end 
Lo 50 nH, 24 turns 1.3 mm Ag plated Cu on 8 mm dia., 2.5 mm pitch 


Lio-Lis choke Type 4312 020 36701 
174—230 MHZ ANTENNA AMPLIFIER—Provides output per signal. Article gives alignment Philips, Pub. Dept., Elcoma Div., Eindhoven, 
gain of 39 dB for European band III, with instructions.—J, Tuil, Transistor Equipped The Netherlands, Vol. 28, No. 2, 1968, p 60- 
noise factor of 6.2 to 6.7 dB and 10-mW Aerial Amplifiers, Electronic Applications, 73. 
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ONs2 (1450) 


Pict, tube 


7280579 


O+Ve4 (12V) 
SINGLE-STAGE VIDEO AMPLIFIER—Silicon 
planar transistor supplies sufficient drive for 
all large-screen picture tubes. Circuit values 
are for European 625-line system. One draw- 
back is inability of video detector to operate 
at low input levels because high base cur- 
rent flows through detector load resistor RD 
and causes reverse voltage for detector diode, 
with resulting distortion in peak white sig- 
nal, Another problem is insufficient band- 
width.—A. Cense, The N-P-N Silicon Planar 
Transistor BF178 in a Video Amplifier, Philips, 


HEIGHT 


CHOKELESS VERTICAL SWEEP—Efficiency of 
chokeless vertical deflection circuit for small- 
screen b-w tv is improved by resonating 
yoke with capacitor and isolating yoke for 
that portion of retrace pulse which exceeds 
B+. Generates yoke current of 0.6 A p-p 
in 25-mH 10-ohm yoke from 18V_ supply. 
Retrace time is 1.35 ms.—J. M. Tucker, Higher- 


T87 


Pub, Dept., Elcoma Div., Eindhoven, The Efficiency Chokeless Vertical Sweep, EEE, July 
Netherlands, No. 251, 1966, 1969, p 106, 


c2 “Tes aa ha in 7 
BFY90) a 
cs Ri 
TY 
Rs =6062 hy 
__ 5 R30 
Ln onl 
| 
+ 
24V 
C14 oe ch “= Clad Ci? _ 
_ “oo Lg uo 
Ry 272,4W Cy, Cs 6.8 pF ceramic, 40.5% 
R2 2.2 kQ, 4 W Cz 10 pF ceramic, +0.5% 
Ry 1.5 kQ, § W C3 100 pF ceramic, +5% 87.5-108 MHZ ANTENNA AMPLIFIER—Pro- 
Rg 1kQ,4W Cy, Co, Cg 12 pF vides gain of 43 dB for European band II, 
Rs 7.5kQ,4W Co, Cra F ; with noise factor of 6 to 6.5 dB and 25-mW 
Re ‘ 4702 ,4W Ce, Cit 4.7 nF disk, —20/ +50 % output per signal. Article gives alignment 
oy fa Ae ny a o a ceramic, aes information.—J. Tuil, Transistor Equipped 
8 ? 43 pF ceramic, 19% Aerial Amplifiers, Electronic Applications, 
All resistors, +5% Cra Oas 4.7 nF feedthrough, —-20/+4-50% Philips, Pub. Dept., Elcoma Div., Eindhoven, 
L,,L3 380 nH, 14 turns 0.5 mm enamelled Cu on 4 mm dia., 0.5 mm pitch The Netherlands, Vol. 28, No. 2, 1968, p 60— 
Li 28 nH, 2 turns 1.0 mm enamelled Cu on 4 mm dia., 2.5 mm pitch 78. 
La, Ls 135 nH, 5 turns 1.3 mm Ag plated Cu on 8 mm dia., 2.5 mm pitch 
Le 135 nH, 5 turns 1.3 mm Ag plated Cu on 8 mm dia., 2.5 mm pitch, 
tapped 24 turns from earthed end 
Ly 70 nH, 2 turns-!.3 mm Ag plated Cu on 8 mm dia., 2.0 mm pitch 


Lg-Lyo choke Type 4312 020 3670! 
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(crete go 2N3819 or 25163 


load circuit) 
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100 3.0 K 


output 


VERTICAL BLANKING CIRCUIT—With _ ter- 
minals 4, 5, and 6 connected to field (verti- 
cal) output stage, circuit generates suitable 
blanking pulse for feeding directly to emitter © AL 46 
of video output transistor in small-screen bat- 
fery-operated tv receiver. Diode clips initial 
peak of flyback voltage.—A. H. Nillesen, Field 
Deflection Circuit for Tiny-Vision Receivers, 
Philips, Pub. Dept., Elcoma Div., Eindhoven, 
The Netherlands, No. 256, 1967. 


All resistors, -—£5% 


w0Q,4W Cy, Cy, Cz 12 pF ceramic, 45% 
2.2kQ, +W Cz 10 pF ceramic, +0.5% 
1.5 kQ, 4W C3, Ce, Cg 12 pF 
1kQ EW Co, C32 7 
7302 ,4W Cs, Cys 4.7 nF disk, —20/+50% 
470 Q2,4W Cio 82 pF ceramic, +5% 
12kQ,4+W C13 56 pF ceramic, +5% 
s2Qa,4W Cya-Ci7 4.7 nF feedthrough, —20/+50% 


500 nH, 21 turns 0.5 mm enamelled Cu on 4 mm dia., 0.5 mm pitch 
200 nH, 13 turns 1.0 mm enamelled Cu on 4 mm dia., 1.5 mm pitch 
200 nH, 8 turns 1.0 mm enamelled Cu on 8 mm dia., 1,5 mm pitch 
85 nH, 4 turns 1.0 mm enamelled Cu on 8 mm dia., 2.5 mm pitch 
240 nH, 11! turns 1.0 mm enamelled Cu on 8 mm dia., 2.0 mm pitch, 
tapped 44 turns from earthed end 
75 nH, 3turns1 mm enamelled Cu on 8 mm dia., 2.0 mm pitch, 
choke Type 4312 020 36701 


VIDICON PREAMP—Input fet is used as 
source follower to provide impedance buffer- 
ing for wide range of vidicon target loading 
circuits. High open-loop gain of 1,000 for 
opamp and |]-MHz bandwidth make arrange- 
ment ideal for video amplifiers requiring 
high-frequency peaking and low noise.—A 
Video Pre-Amplifier for Use With a Vidicon, 
Optical Electronics, Tucson, Ariz., No, 10089, 


video output 
stage 


BF177 


47-68 MHZ ANTENNA AMPLIFIER—Provides 
gain of 52 dB for Evropean band 1, with 
noise factor of 6 to 6.5 db and 10-mW output 
per signal. Article gives alignment infor- 
mation.—J. Tuil, Transistor Equipped Aerial 
Amplifiers, Electronic Applications, Philips, 
Pub. Dept., Elcoma Div., Eindhoven, The 
Netherlands, Vol, 28, No. 2, 1968, p 60-78, 
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+60V IK3 


12) 
18KV 
400pA 
1OOK (SOO pf 


ORS +107 


+—+ 
DTS-402 
700yh 

veos a Pe HORIZONTAL OUTPUT—Uses silicon power 

az a x transistor designed especially for operation 

4) DRS-I07 from 60-V supply in horizontal deflection 
E DAMPER YOKE 820 stage of large-screen monochrome tv set.— 

K 


DIODE a . 
Video Horizontal and Vertical Output Tran- 


il sistor Pair, Delco Radio, Kokomo, Ind., DTS- 


401 DTS-402, 1968. 


S0,H 


pict. tube 


VIDEO WITH CONTRAST CONTROL—Shows 
method of applying contrast control in col- 
lector circuit of video output transistor. R5 
and R6 provide constant black level during 
contrast control, Report discusses design 
problems, including that of capacitance in- 
troduced by long wires going from contrast 
pot at front of set to video amplifier. Total 
value of Cl and C2 is about 30 pF.—A. 
Cense, The N-P-N Silicon Planar Transistor 
BFI78 in a Video Amplifier, Philips, Pub. 
Dept., Elcoma Div., Eindhoven, The Nether- 
lands, No, 251, 1966. 


O +51 (12V) 


B+ l2 VOLTS 


| IN542 


AUDIO OUT 


aa a 00k} sega 


Ic VF AND RATIO DETECTOR—PAI89 linear with bandwidth of at least 50 kHz. I-f bard, Linear Integrated Circuits in a TV Sound 
IC with external components shown gives value is 4.5 MHz. Sensitivity is 200 uV for . System, General Electric Co,, Syracuse, N.Y., 
good a-m rejection and very high gain along 3 dB limiting.—E. L. Haas and D. J. Hub- Application Note 90.74, 6/68. 
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R, 1.2kQ, 4 W Cur Ca-Cg, Cg 12 pF 

Ry 2.2kQ, LW C2, C19 15 pF ceramic, +5%, 

Ry 1.5kR, § WwW C3, Cg 4,7 nF disk, —20/~ 50°, 

Rg ikQ, 4 WwW All resistors, : S$", Cr 27 pF ceramic, + 5% ° 

Rs 4700, 3W Cy Cy 4.7 nF feedthrough, ~20/ 4 50%, 
Re 1.2kQ, 3 W 

Ry 822, 4W 


L, 450 nH, 13 turns 0.5 mm enamelled Cu on 5 mm dia., 0.5 mm pitch 
ZL, 400 nH, 12 turns 1.0 mm enamelled Cu on 8 mm dia., 1.5 mm pitch 
L3 300 nH, [0 turns 1.0 mm enamelled Cu on 8 mm dia., 2.0 mm pitch 
Lq4 165 nH, 6 turns }.0 mm enamelled Cu on 8 mm dia., 2.0 mm pitch 
Ls 275 nH, 10 turns 1.0 mm enamelled Cu on 8 mm dia., 2.5 mm pitch, tapped 44 turns from earthed end 
Ly 300 nH, 7 turns 1.3 mm Ag plated Cu on 12 mm dia., 2.0 mm pitch 


-Ly ¢ k 3 7 

Eyer ake Tyne sole Red 36701 fiers, Electronic Applications, Philips, Pub. 

61~68 MHZ ANTENNA AMPLIFIER—Provides 7-dB noise factor and 150-mW output signal. Dept., Elcoma Div., Eindhoven, The Nether- 
gain of 50 dB for European channel 4, with —J, Tuil, Transistor Equipped Aerial Ampli- lands, Vol, 28, No. 2, 1968, p 60~78. 


AGC KEYING PULSE 


CRT 
ANODE 


+9kv/70p0 


{X28 
HIGH VOLTAGE 
RECTIFIER 


+42v 
AFC COMPARISON PULSE 
if 


VIDEO CRT~G2 
OSCILLATOR OUTPUT AMPLIFIER 
TWO-TRANSISTOR HORIZONTAL SWEEP—Used tive feedback to base of Q2 to offset gain stage is only 9.5 W, Sweep Eliminates Driver 
in Sony 7-inch 700U portable ty. Tertiary lost through omission of driver stage. ° Total Stage, Electronics, Nov. 14, 1966, p 169-171. 
winding on flyback transformer provides posi- power consumption of horizontal output 


TELEVISION CIRCUITS—BLACK-AND-WHITE 


SINGLE-STAGE VIDEO AMPLIFIER—Provides 
bandwidth of 4.5 MHz at 3-dB-down points 
and 80 V black-to-white output voltage for 
large-screen picture tube 
A59-I1W in European 625-line tv receiver. 
Transistor is direct-coupled to video detec- 


typical 


tor circuit. 


cuit, where it places no restrictions on circuit 
layout or wiring, and does not affect either 
bandwidth or transient response.—A. Cense, 
Recent Developments in Circuits and Transis- 
tors for Television Receivers, Efectronic Ap- 
plications, Philips, Pub. Dept., Eleoma Div., 


Contrast control is in base cir- 


such as 


Eindhoven, The Netherlands, Vol. 27, No. 2, 


1966~1967, p 41-52. 


RR, 27kQ, LW 
Ry 2.2kQ, 4 W 
R; 1kQ, LW 
Ry 560k2, LW 
Rs 6800, iW 
Rg 3002, pot. 
R, 562, IW 


VIDEO DETECTOR AND AMPLIFIER—Direct 
coupling is used throughout to keep black 
level constant and independent of picture 
content in European large-screen 625-line tv 
receiver, Collector circuit compensation is 
used in first video amplifier stage fo pro- 


Ry 1002, IW 
Ryo 15022 iw 
Ryy 5000, LW 
Ry, 39k, 5.5 W 
Ryo t5kQ, EW 
Cy 4.7 pF, 500V 
C2 lOuF, 16V 


vide required bandwidth. Spark gap pro~ 
tects transistors from high-voltage spikes 
appearing at picture-tube cathode as result 
of flashovers. Maximum breakdown volt- 
age of spark gap is 3,000 V.—A. Cense, Re- 
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picture tube 


BF 178 


+Vs, 


picture 
tube 


Cz; 68nF, SOO V 
Cx 220 pF, S00 V 
Cs Our, 16V 
Co «66.8 nF, S00 V 
Cz 20 1F, 250 V 
Cg 68nF, S00 V 
E 120 2H, air coil 


cent Developments in Circuits and Transistors 
for Television Receivers, Electronic Applica- 
tions, Philips, Pub. Dept., Elcoma Div., Eind- 
hoven, The Netherlands, Vol. 27, No. 2, 1966— 
1967, p 41-52, 


792 


ELECTRONIC CIRCUITS 


MANUAL 


SELECTING FIRST LINE OF FRAME—Signal- ci 
eat : 0.47 pF 
powered coincidence gate delivers output INPUT 
trigger only when pulses are present at both EIA | 
inputs, for triggering cro coincident with first DRIVE 
field of each frame in interlaced television 
scanning system. Overcomes problem of de- c2 
layed time base in cro that may lock onto 680 pF 
z INPUT 
first or second field pulse at random because 2N404 
it cannot distinguish between them.—O, Har- EtA VERT 
per, Coincidence Gate Generates First Field 752 DRIVE 
Reference Trigger, Electronic Design, Sept. 27, OURCE ouTPuT 
1967, p 66. -3V. a TRIGGER 
i) i R2 
1 | 1k 
£seops -2.8V-L—1- 
Gad i | 
6s 
7 14 5 +140 ¥ 0C 
—~ canoe fe 4-0HM 
io 
¥270V0C FEEDBACK VOLUME CONTROL—Used with 
CA3042 IC to cut production costs through 
use of smaller coupling capacitors, Delivers 
IN3I95 2 W audio power output at 7 kHz maximum 
deviation from 4,5-MHz carrier.—L. Kaplan, 
Feedback-Type Volume-Control Circuits for 
oneees RCA-CA3041 and CA3042 Integrated Circuits, 
RCA, Harrison, N.J., No, ICAN~5841, 1968. 
33 OHMS 
+60V 
he T LpriseH, 
47K 
470PF YOKE 


+12 
ov —-->-~— 
f 500 
VERTICAL OUTPUT—Uses silicon power tran- n 
16.7ms 


sistor designed especially for operation from 
60-V supply in vertical deflection stage. Has 
good gain linearity.—-Video Horizontal and 
Vertical Output Transistor Pair, Delco Radio, 
Kokomo, Ind., DTS-401 DTS-402, 1968. 


ORS-102 


OTS: 401 


VOR 


2N2712 300V 


VERTICAL 
LINEARITY 


TELEVISION 


+100 VOLTS 
39k 


HEIGHT. 


CIRCUITS—BLACK-~-AND-WHITE 


PHOTOMULTIPLIER AMPLIFIER FOR FLYING- 
SPOT SCANNER—Used for detecting high-fre- 
quency modulated light from flying-spot scan« 
ners used for slide reproduction in television 
studios. For color slides, three identical am- 
plifiers are required, Photomultiplier shown 
will handle bandwidth from d«c to 100 MHz, 
but XP1210 will go up to 350 MHz.—J. M. 
Schonkeren, “Photomultipliers,” Philips, Pub. 
Dept., Elcoma Div., Eindhoven, The Nether- 
lands, 1970, p 102. 


ye F CAPACITORS-GE 75F3R1-104 
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SOLID-STATE VERTICAL DEFLECTION—Uses 
D13Tl programmable ujt as relaxation oscil- 
later operating at 60-Hz sweep rate, with 
synchronization by 4-V negative pulses. 
DI6P1 high-gain Darlington drives output 
power transistor, and multipellet diode pro- 
vides d-c level shifting. Bootstrap feedback 
through 500K improves linearity.—W. R. 
Spofford, Jr, The DI3T—A Programmable 
Unijunction Transistor, General Electric, Syra~ 
cuse, N.Y,, No. 90.70, 11/67, p 10. 


| 
XP 1000 


ei 


C, 


URF CHANNELS 


OO os i ee 


CHANNELS 2-13 


ee Se oe 


wm 12V 
390.0 


| coaxial 
cable 


aan 


: 1000 pF feed-thru 
+ 5.6 pF 
: 0.5-3 pF air trimmer 


Cio: 1000 pF feed-thru 


fo) 
Vasc 

Cy: 47 pF C,; 2-8 pF air trimmer Gy 

(: 47 pF Cio: 39 pF feed-thru Gs: 

C;: 8.2 pF C,): 2-8 pF air trimmer Go 

C,: 18 pF feed-thru Ga: 30 pF feed-thru 20) 

Cy: 30 pF feed-thru C,3: 1000 pF feed-thru Ga 

Cy: 0.68 pF Cy4: 10 pF feed-thru G1 

C;: 1000 pF feed-thru Cig: 1000 pF feed-thru Gs 

Cy: 1000 pF feed-thru Cia: 3.6 pF Gs 
RESISTORS (1 W, ten percent) (NDUCTORS 

RB: 1 kD Ry: 10 kD Ly: UNF matching coil 

R: 15 0 Re: 5.6 kD ta: UHF matching coil 

Ry: 560 0 Ry: 10k Ls: as required per channel 

R,: 390 1 Rio: 1 kD Ly: as required per channel 

Re: 1.2 kD Ry: 10 kD Lg: a required per channel 

R: 220 9 Lg: as required per channel 


: 5.6 pF 

: 2.5 pF feed-thru 

: 1000 pF feed-thru 
: 5,6 pF 


L,: neutralizing coil 
Le: RFC 
La: RFC 


VHF TUNER—Uses npn planar silicon transis- 
tors. Power gain ranges from 39 dB for 
channel 2 to 35 dB for channel 13, Noise 
figure ranges from 5,5 to 6,2 dB, i-f rejec- 
tion from 55 to 84 dB, and image rejection 
from 66 to 88 dB, Tl is balun assembly, 
including i-f traps, and T2 is i-f output trans- 
former,—Preferred Semiconductors and Com~ 
ponents, Texas Instruments, Dallas, Texas, 
Bulletin CC101, 1968, p 1039. 
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CA3S042 


ELECTRONIC CIRCUITS 


“ON 


at 


14 +140VDC 


4-0HM 


+270 VDC 
TYPE 
| O18 2N3585 
B 
ted 3 $ 
© 522 100 
K 
I he 33 OHMS 
ae 


VOLUME CONTROL WITH 1C—Circuit illus- 
trates method of using conventional volume 
control with IC audio amplifier for tv sound, 
—L. Kaplan, Feedback-Type Volume-Control 
CA3042 Inte- 
NJ, No. 


Circuits for RCA-CA3041 and 
RCA, Harrison, 


grated Circuits, 
ICAN-5841, 1968. 


C1 


MANUAL 


HORIZONTAL OUTPUT WITH 8-+ AND HV 
SUPPLIES—High-voltage rectifier circuit of G-E 
Model TA 9-inch tv uses conventional three- 
rectifier two-capacitor voltage-daubler with 


unique method of operation. With 5-kV 
positive pulse from TI, first and third rec- 
tifiers act in effect as peak detectors during 
retrace, and middle rectifier conducts during 
trace time. Result is maximum output of 
about 9.5 kV.—W, H. Buchsbaum, Line-Op- 
erated Transistor TV Sets: G-E, Electronics 
World, Oct, 1966, p 29 and 70. 


cg C14 ke 
ce BEW16 6] pews} 18 oss 
C12 
Rg= 6092 & C) 
pate Us Ss 
TR2 TRI Ries0 Se 
a | fer | | | ike i 
C10 C13 
R8 Tra 
Dr t 
: 24V 
oy cg moc -- | co | =~ cm cae 
me Lg eee sie Lit Al Li2 ae L13 no ua a 
RR, 16kQ, 4 Ww Ci, Co, Cr2 3.9 pF ceramic, +0,5% 
R2 2.4kOQ, + W 2 10 pF ceramic, +0.5% 
R3  3.3k2, 4 W Ca, Co, Cas 12 pF 
Ra 1kQ, 4W Cin Cra Z 
Rs 7.5 kQ, 4 W All resistors, +5% Ca, C5, Cio, C13 { nF disk, ~20/-+50% 
Re 502,4W Cy 3 pF 
R, 1.8kQ, 4W Cis 2.2 pF ceramic, +0.5% 
Rg 180Q,4W Ci 6-C22 4.7 nF feedthrough, 
Ry 4702 ,4W —20/ + 50%, 
Rio 12k2,4W 
Ry, 820,4W 
Ly, L3,£4 35 nH, 2 turns 1.3 mm Ag plated Cu on 8 mm dia., 2.0 mm pitch 
Lz 120 nH, 54 turns 1.3 mm Ag plated Cu on 8 mm dia., 2.0 mm pitch 202~209 MHZ ANTENNA AMPLIFIER~Provides 
Ls 35 nH, 2 turns 1.3 mm Ag plated Cu on 8 mm dia., 2.0 mm pitch, gain of 44 dB for European channel 9, with 
tapped 3/4 turn from earthed end ct Wes : 6.3-dB noise factor and 150-mW output sig- 
Le 100 nH, 44 turns 1.3 mm Ag plated Cu on 8 mm dia., 2.0 mm pitch nal—J. Tuil, Transistor Equipped Aerial Am 
L; 60 nH, 3 turns aaa ee on a i dia., 2.5 mm pitch, plifiers, Electronic Applications, Philips, Pub 
tapped 3/4 turn from earthed en’ . : " : ‘ 
Le 165 nH, 54 turns 1.3 mm Ag plated Cu on I! mm dia., 2.0 mm pitch Dept. Elcoma Div., Eindhoven, The Nether: 
Eels choke Type 4312 020 36701 lands, Vol. 28, No. 2, 1968, p 60—78. 
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ON-OFF 270 
SWITCH 


PENLIGHT REGULATOR—Holds output constant ty 
within 0.1 V as 5.5-V penlight supply for 1.5- 
inch Matsushita portable tv ages down to 4 
V.—-R. Sasaki and K. Uno, Low-Power Design 
is Heart of Penlight-Powered Mini-Tv, Elec- 


— 200pf 
tronics, June 8, 1970, p 106—113. | _ 


BLANK OUTPUT 


+24Vdc 


LINE-LOCKED VERTICAL SWEEP—A-c input at 
24 V is applied to half-wave rectifier-filter 
delivering nearly linear line-locked vertical 
sawtooth that is amplified by Q1 for driving 
deflection yoke. R7 and C5 set d-c reference 
for centering control. Blank output may be 
used to trigger sync and cathode-blanking 
functions of camera.—J, M. Meacham, TV- 
Camera Vertical Sweep Produced by Filter 
Ripple, Electronic Design, Feb. 1, 1969, p 72. 


ce 
0.033 .F 


c4 cs 
oe 1oowF_L- 


NOTE: 
R7 1S CENTERING CONTROL 


50 pH +VCC 140 Vde 


Po= 0.6 Wat 7.5 kHz Deviation 
Po = 3.5 Wat 25 kHz Deviation 


ol 


10:1 


O +240 V 
1N4001 OR EQUIV 


MJE340 OR EQUIV 


50 pF 


COMPLETE TV SOUND WITH IC—Input from 
4.5-MHz sound i-f is limited, detected, and 0.1 uF 
passed to audio preamp and driver in IC, 

then fed to external single-transistor output i 

stage that delivers 3.5 W through trans- a0 a5 ue 
former to speaker.—TV Sound Circuit Mono- - = = 
lithic Silicon Epitaxial Passivated MC135P, VOLUME 

Motorola, Phoenix, Ariz., DS9126, 1969. CONTROL 
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470 


HORIZONTAL DEFLECTION—Addition of Q2 
to output driver stage eliminates need for 
power transformer and high-voltage transis- 
tors in Siemens AG tv developed for 250-V 
European a-c line voltages. @2 switches rec- 
tified 250-V supply to deflection circuit dur- 
ing flyback interval, when voltage across 
yoke is at peak. Winding n3 is on 12, 
Arrangement also gives low-level d-c for 
vertical deflection and audio stages; control 
voltage properly applied to Q2 keeps this 
source stable even for 20-W power drain. 
Use standard 300-V transistors.—Add One 
(Electronics Abroad), Electronics, Fek. 19, 1968, 
p 238, 


® 


BAKE 
400pF 
1kQ an 
height 
18082 
470Q 
linearity 


680 S2 


@ 


TINY-VISION FIELD OUTPUT STAGE AND 
DRIVER—Terminals 1, 2, and 3 come from 
field oscillator of small-screen battery-oper- 
ated tv receiver, and terminals 4, 5, and 6 
go to blanking circuit that supplies suitable 


6892 


3.5pt [100n4] Dy 


CONSTANT-HEIGHT VERTICAL OUTPUT—Volt- 
age-dependent resistor R4 and C2 are shunted 
across deflection yoke to maintain constant 
height despite output voltage variations in 
G-E Model TA 9-inch portable tv.—-W. H. 
Buchsbaum, Line-Operated Transistor TV Sets: 
G-E, Electronics World, Oct. 1966, p 29 and 
70. 


39082 15002 BAIGB &) 15HF 
d 
+ 
640 UF 


AT 1020/01 


QQ0 
QQ00 


D-C CONTROL VOLTAGE 


blanking pulse during retrace. Circuit de- 
sign minimizes current drain by using two 
medium-power transistors in complementary 
connection, without usual transformer. Out~ 
put stage consumes only 1.1 W. Use of both 


© 


d-c and a-c feedback to driver simplifies ad- 
justment of circuit.—~A. H. Nillesen, Field De- 
flection Circuit for Tiny-Vision Receivers, 
Philips, Pub. Dept., Eleoma Div., Eindhoven, 
The Netherlands, No. 256, 1967. 


TELEVISION CIRCUITS—BLACK-AND-WHITE 


16V 


NO-COIL IC FOR TV SOUND I-F—Only coil 
used in Standard Elektrik Lorenz IC mono- 
lithic chip is in mixer, and requires no ad- 
jystment, Designed for standard 5.5-MHz 


European f-m intercarrier frequency, converted 
to sound i-f of about 250 kHz in mixer. 
Hartley oscillator can deviate 150 kHz with- 
out affecting mixer performance, so fixed 


L8 ds 


me ut 


4.7 pF ceramic, +0.5% 
5.6 pF ceramic, +0.5% 
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LOW- 
FREQUENCY 
OUTPUT 


coil can be used. Overall gain is about 60 
dB from 50 to 450 kHz, with 12 V output for 
about 7-mV input.—Electronics Abroad—West 
Germany—Uncoiled, Electronics, Oct. 17, 1966, 
p 223. 


a Li2 ac L413 


12 pF 
1 nF disk, —20/-+50% 
3 pF 


6.8 pF ceramic, +0.5% 
2.2 pF ceramic, 40.5% 
4.7 nF feedthrough, —20/+50% 


; 2.0 mm pitch 


2.0 mm pitch 


, 2.5 mm pitch, 


R, 1.6kQ, 4W (an 

Rz 2.4kQ, 4W Ca, Cy2 

Ry 3.3kO, 4 W 3» Cos Cg 

Ra 3kO, kW Cit Cras 

Rs 3.9kQ, 4 W All resistors, -+5% Ca, Cs, Cros Ci3 

Re 1.3kQ, 4W C7 

Ry 9102 ,4W Co 

Rg 13k9,4W Gis 

Ry 4702,4W Cipla 

Rio 1.2kQ,4W 

Ry, 1652,4W 
Ly,L3-Ls  35nH, 2 turns 1.3 mm Ag plated Cu on 8 mm dia. 
L2 120 nH, 54 turns 1.3 mm Ag plated Cu on 8 mm dia., 
Le 60 nH, 3 turns 1.3 mm Ag plated Cu on 8 mm dia. 

tapped 3/4 turn from earthed end 

Ly 165 nH, 54 turns 1.3 mm Ag plated Cu on II mm dia., 2.0 mm pitch 
Leg-Ly3 choke Type 4312 020 36701 


60-MW 202-209 MHZ ANTENNA AMPLIFIER 
—Provides gain of 48 dB for European chan- 


nel 9, with 5.7-dB noise factor.—J. Tuil, Tran- 
sistor Equipped Aerial Amplifiers, Electronic 


Applications, Philips, Pub. Dept., Elcoma Div., 
Eindhoven, The Netherlands, Vol. 28, No. 2, 
1968, p 60-78. 
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2.88 wH 1.53 pH 172pH 
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428pF 563 pF 463pF 


260pF 


T7582 
ee 
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LOW-PASS FOR NOISE ABOVE 5.5 MHZ— 
Used ofter preamp of television camera to 
suppress noise above desired bandwidth, 
which peaks at about 8 MHz and extends 
beyond 12 MHZ.—B. Overgoor, A Camera 
Tube Amplifier with FET Input, Electronic Ap- 
plications, Philips, Pub. Dept., Elcoma Div., 
Eindhoven, The Netherlands, Vol, 28, No. 4, 
1968, p 155-159. 


120 aH 


+Vg 2f145¥) 


pict. tube 


EMITTER-CIRCUIT CONTRAST CONTROL—Con~ 
trol R3 is here located in emitter lead of 
video output stage of two-stage video am~ 
plifier. One advantage is that long leads 
may be used between contrast pot and video 
amplifier without affecting performance. R2 
and negative supply voltage together hold 
black level constant during contrast control. 
~A, Cense, The N-P-N Silicon Planar Transis- 
tor BF178 in a Video Amplifier, Philips, Pub. 
Dept., Elcoma Div., Eindhoven, The Nether- 
lands, No. 251, 1966. 


Ry 33 kQ, + W Cy 1.5 pF ceramic, +0.5% 
Rz,Re 2402 ,4W C2, Cs 82 pF ceramic, +5% 
3 3.3kQ, kW C3,Cg,Cz 680 pF disk, —20/+50% 
Ra, Rg 132,4W All resistors, 45% Cy 2.7 pF ceramic, 40.5% 
Rs 22 kQ, + W C3 2.2 nF feedthrough, —20/+50% 
R; 1.8kQ, 4W 
Ro 912,4W 
Ly choke Type 3122 108 20150 
L2 50 nH, 5 turns 0.5 mm enamelled Cu on 3 mm dia,, 0.5 mm pitch 
L3 30 nH, 3 turns 0.5 mm enamelled Cu on 3 mm dia., 0.5 mm pitch 


40-860 MHZ ANTENNA AMPLIFIER—Provides 
gain of 13.5 dB for 30-mW output per signal 
over entire European television band, with 
noise factor of 6.3 to 10 dB. Uses transis- 


tors having very high transition frequency 
and very low feedback capacitance, for com- 
mon-emitter configuration.—J, Tuil, Transistor 
Equipped Aerial Amplifiers, Electronic Appli- 


cations, Philips, Pub. Dept., Eleoma Div., Eind- 
hoven, The Hetherfands, Vol. 28, No. 2, 1968, 
p 60-78. 


TELEVISION CIRCUITS—BLACK-AND-WHITE 


LOW-COST FEEDBACK VOLUME CONTROL— 
Uses minimum number of components with 
CA3042 IC. Although steady-state current 
flows through volume control, it is limited to 
about 1.5 uA under worst-case conditions.— 
L. Kaplan, Feedback-Type Volume-Control 
Circuits for RCA-CA3041 and CA3042 Intex 
grated Circuits, RCA, Harrison, N.J., No. 
ICAN-5841, 1968, 
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S 14 +140V OC 
ee CA 3042 ° 
Ml ie ope ako ee 4-0HM 
; SPKR 
! nook EK 
| 
$ r 
| { 
13 \ 
TT [O'Sue +o Ft 270v ve 
| IN3I95 
o.0047=51 b | TYPE 
BF aa | 2N3585 
fo [ 
1 | 
LiLo 
[250 k 
[e) 
e 330HMS 


FEEDBACK VOLUME CONTROL—Used with 
CA3041 IC to increase power output and 
gain over that obtained with conventional 
Josser type of control. At 4.5 MHz, circuit 
provides 1 W power output at 8.5 kHz devia- 
tion.—L. Kaplan, Feedback-Type Volume-Con- 
trol Circuits for RCA-CA3041 and CA3042 
Integrated Circuits, RCA, Harrison, N.J., No. 


+14Q0V OC 


+250V DC 
O 


ICAN-5841, 1968. 


BF 173 


a 
soa, | | 


| ars 


6802 


VIDEO I-F WITH SEPARATE DETECTORS—Cir- 
cuit shows how separate intercarrier sound 
detector can be used with video output stage 
of European 625-line tv receiver, for com- 
patibility with color programs, Video and 


nF 
1kQ 


< In 
oO 


33nF | 


Oo 
+25V 

intercarrier signals have separate takeoffs, 
so sound carrier can be heavily suppressed 
in video detector by 33.4-MHz parallel tuned 


33,.4MHz 


circuit in series with detector diode.—A, Cense, 
The N-P-N Silicon Planar Transistor BFI78 in 
a Video Amplifier, Philips, Pub. Dept., Elcoma 
Div., Eindhoven, The Netherlands, No. 251, 
1966, 


800 ELECTRONIC 


Puy dt 


TOTV wn pia v2 


300 -OHM TV TWINLEAD 


Cl, 2 - 76 pfd 

C3 - Si pfd 

C4 - §1 pid variable 
CS, 6 - .022 mid 


R1, 3 - 180 
R2 - Sl 
R4 - 110 


6.39 AC 


TV SIGNAL BOOSTER—Can he inserted in 300- 
ohm twinlead at back of set, to boost signal 
strength of weaker signals in reception area. 
Parts at left of broken shield line must be 
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Adjust for best 
output—peak for 
channel being watched 


J3  PL3 —-300-OHM TV TWINLEAD 
Lp TY ANTENNA 
TERMINALS 
U4 PLY 


C5 


Li - 26 turns #30 enamel, clock - 
= wise on 3 /8” slug-tuned form 
L2 - 4 turns linkwound over center 


of LI 
RFC1 - 2.5 mh RF choke. Na- 
tional R -100 


shielded from rest of circuit to eliminate un- 
desirable interference and hash.—R. M. 
Brown, “104 Simple One-Tube Projects,” Tab 
Books, Blue Ridge Summit, Pa., 1969, p 168. 


from sync, 
separator 4.7k&2 


TINY-VISION FIELD OSCILLATOR—Makes use 
of Miller integrator principle to generate saw- 
tooth voltage having sufficient amplitude to 
meet requirements of small-screen battery- 


operated tv receiver. Terminals 1, 2, and 3 
go to field output stage. Report describes 
operation of oscillator in detail.—A. H. Nil- 
lesen, Field Deflection Circuit for Tiny-Vision 


Receivers, Philips, Pub. Dept., Elcoma Div,, 
Eindhoven, The Netherlands, No. 256, 1967. 


NOTE: To locate additional circuits in the category of this chapter, use the index at the back 
of this book. Check also the author's “Sourcebook of Electronic Circuits,” published by 
McGraw-Hill in 1968. 


CHAPTER 86 


Television Circuits—Color 


MATRIX FOR CHROMINANCE  SIGNAL— 
Chrominance signal is fed to base of delay 
line driver transistor TRI, Uses Philips DL40 
delay line having nominal frequency of 
4.433619 MHz and phase delay of 63.943 
us. Output of delay line is balanced with 
2:1 stepdown transformer to simplify addi- 
tion of delayed and undelayed signals. 
C. A, M, Sidler, Pal Matrix Circuits Using 
Delay Line DL40, Philips, Pub. Dept., Eleoma 
Div., Eindhoven, The Netherlands, Application 
Note 88, 1970, 


COLOUR DIFF, AMPLIFIERS 


260V 


—(R~Y}signat 


BURST AMPL. 
burst phase det. 


COLOR DIFFERENCE AMPLIFIER—Color dif- 
ference signals are applied to control grids 
of pentodes for amplification and adjustment 
of gain in accordance with NTSC specifica- 
tions, Double-diode circuit is used for killer 
detection, in G--Y matrix circuit branch go- 


+25V + 


1k 


KILLER DETECTOR 


Cues 2.enF_ (B-¥) 


CLAMPS, 
EAASI 
Ve + 
Lh 
Reo 
390k 
to killer kitter Vv EAAST brightness 
adjustment (R-Y) ‘4 Rsg_220k Rey 
ines 200k 
Reg 220k LCu9 
, EAASI tne 
(G~y) 10 
| 
zax| Peet m 
PCFs8o 
fs Coal [aa Cys} Cus 
| Pe 680pF] [ee0pF wnFT Tink 
Rese , 
{G-Y) amplitude (| 
ing to anode of B~Y amplifier. This diode taneously.—A. Boekhorst and W. Graat, 


Chrominance Circuits for N. T. 5. C. Colour 
Television Receivers, Philips, Pub. Dept., El- 
coma Div., Eindhoven, The Netherlands, No. 
234, 1966. 


circuit detects negative-going burst in B--Y 
signal. Double-diode clamp at output of 
each color difference amplifier gives same 
clamping level for all three signals, with 
brightness control changing all levels simul- 


801 


802 


X-RAY HOLD-DOWN—Used in Zenith 1970 
television receivers to provide automatic pro- 
tection against excessive x-ray emission from 
high-voltage power supply. Circuit limits 
horizontal, drive voltage to about 27 kV re- 
gardless of line voltage and load. Also pro- 
vides protection if voltage regulator fails or 
is removed from socket.—Consumer Hazards: 
How They Can Be Fixed, Electronics, Aug. 3, 
1970, p 62-67. 


L4& C8 
BAI48 
C10 
R22 
line +235V 
flyback 
fe 
+25V 
1 
|e 
{yr TRI 
BE179C 
+25V RS R 


B-Y demod. 


Ns Yi Z ” 
Un aay TR? 
(i 


43Np-p 


R, 4.7: kQ, pot. Ryy 27 kQ,1W 
R, 1 kQ,4W 12 16 kQ,5.5W 
Rz; 2.7 kQ, EW 13 «18 kQ,4W 
Rg 2.2 kQ,4W 14 3.3 kO,4W 
R; 100 2,4W Rys 620 Q4W 
Re 10 kQ, 5.5 W Rig 100 kQ,1W 
R, 220 Q4W Ry, il kO,5.5 W 
Rg 910 Q4W Rig 680 QFW 
Ry 16 kQ,4W Rig 100 Q4W 
Rio 1 kQ,4W Roo «4.7: kQ, pot. 


COLOR DIFFERENCE AMPLIFIER—~Supplies 
drive voltages required by each of three 
electron guns in typical 25-inch shadow-mask 
color picture tube. Cascode arrangements 


| 


c5 


Rat 

22 
Ro3 
Roa 
Ros 
R26 
Raz 


Ras 
Rag 


FLYBACK 
WINDING 


GY 100Vp-p 


+235V 


| | ko 


+25V 


TR4 


<0. 


, | BE179B 


L,, Lz, £3: 1.2 mH rf. chokes 
L4: 35 mH bifilar winding, tapped at 1:2 and 1 : 4 turns ratio, with ferrite tuning core. 
of two stages minimize crosstalk and en- 
sure maximum bandwidth. Article covers 
cirevit design in detail. 
against flashovers in picture tube.—A. Cense, 


Spark gaps protect 
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brightness 
control 


R-Y 170 Vp. 


luminance 


+25V 


peo 


Cy 2.2 nF, —20, +50% 

C, #390pF,+5% 

C3 82 pF, +5% 

C, 2.2 nF, —20, +50% 

Cs 120 pF, +5% 

Co =56pF, 45% 

C, 2.2 nF, —20, +50% 

Cg 47 pF, + 5% 

Cy 10 nF, —20, +50% 

10 nF, —20, +50% 

Recent Developments in Circuits and Transis- 
tors for Television Receivers, Electronic Ap- 
plications, Philips, Pub. Dept., Eleoma Div., 
Eindhoven, The Netherlands, Vol. 27, No. 4, 
1966-1967, p 147-154, 


TELEVISION 


AFC. LOOP PART 
OF DI 


MAGNAVOX AFT TUNER—Shows how control 
voltage derived from video i-f is applied to 
diode that controls transistor oscillator of 
uhf tuner to achieve automatic fine tuning, 
Complete circuit is given in Magnavox 1968 
top-of-line color tv service manuals.—-F. H. 
Belt, Inside the 1968 Color Sets, Electronics 
World, Jan, 1968, p 41~45 and 72-75. 
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COLOR DIFFERENCE LNEARITY—Circuit for 
checking linearity of cascaded-transistor 
color difference amplifier applies two signals 
to input of amplifier-—50-Hz sawtooth with 
amplitude that drives output stage from cut- 
off to knee, and 100-kHz sine wave with 
amplitude of 10 mV p-p. Differentiating net- 


GAMMA CORRECTION—Forward-biased fet 
followed by three opamps compensates for 
nonlinearity of gamma in color or black- 
and-white tv camera circuit and also provides 
temperature stability. Single pot provides 
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Scope 
i6pF, 18 


220ka 220kn 


work at output of amplifier suppresses saw- 
tooth and applies 100-kHz signal to dual- 
trace scope, with other trace showing voltage 
swing at collector of output stage,—A. Cense, 
Colour Difference Amplifiers Using the N-P-N 
Silicon Planar Package 40822, Philips, Pub. 
Dept., Elcoma Div., Eindhoven, The Nether- 
lands, 1966. 
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gamma variations of 10% in either direc« 
tion to compensate for differences in camera 
pickup tubes. With 2N3823 fet, 0.65 V for- 
ward bias js used. Choice of opamp is not 
ctitical.—R. Williams, Linearity Corrector Does 
Double Duty, Electronics, June 9, 1969, p 
110-113, 


804 ELECTRONIC CIRCUITS MANUAL 
Ep- COLOR DEMODULATOR—With — chrominance 
TA7152 B-y 
Pr ceM NANEE y 0 Seas OUT information applied to gate 2 of dual-gate 
Ly transistor and 3.58-MHz reference signal on 
3.58 Mhz 310-860nh gate 1, demodulation is accomplished by 
B~Y PHASE Cy Co synchronous detection.—Outlook Bright for 
REFERENCE 200p 100p! a) Dual-Gate Transistors, Electronics, July 10, 
2: 1967, p 141=142, 
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EQUAL CATHODE DRIVES FOR GUNS—Lumi- i» ts 72M 9 20m 3h.20M 


nance amplifier is pentode with contrast con~ 


trol in sereen grid circuit. Age is supplied 
to anode, to permit grounding of video de~ 
tector, Symmetrical clamp circuit using 
double-diode is connected to each picture- 
tube control grid. Clamping levels are ad~ 
justed individually to obtain simultaneous 
spot cutoff for all three guns, One draw- 


back of circuit is that color controls are in- 
dependent, making some skill necessary for 
adjustment.—A, Boekhorst and J. Gerritsen, 
Video Drive Circuits for Colour Picture Tubes, 
Philips, Pub, Dept., Elcoma Div., Eindhoven, 
The Netherlends, No. 233, 1965. 
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fly-back pulse 
from line transf. 


Ri 1MQ, -W Rs 390k0, W Cs 47nF, SOOV, + 5% 

Re 1M2, 4 W 1 35mH Ca 2.2 nF, 500 V 

Rs 100 Q,1W Ci lOnF, 500 V Cs 2.2 nF, 500 V 

Ra 220 kQ, potentiometer Ce 10nF, 500 V Cg 2.2 nF, 500 V 
SYNCHRONOUS CLAMP—Used for restoring lishes reference voltage to which clamping 


equal direct voltage levels to three color dif~ 
Brightness control R4 estab- 


ference signals. 


tumtnance ampl. 


diodes are returned-—A. Cense, Recent De- 
velopments in Circuits and Transistors for 


eh,t, 


Television Receivers, Electronic Applications, 
Philips, Pub. Dept., Elcoma Div., Eindhoven, 
The Netherlands, Vol. 28, No. 1, 1968, p 22— 
28. 
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SUBCARRIER REGENERATION —Two double- obtained from 4.43-MHz Colpitts pentode eg @(RM) i oO nics 
diode demodulators convert signal from crystal oscillator.—A. Boekhorst and W. amplifier amplifier 
chrominance amplifier into R-Y and B—Y  Graat, Chrominance Circuits for N. T. $, C.  Dept., Eleoma Div., Eindhoven, The Nether- 
signals. Required subcarrier voltages are Colour Television Receivers, Philips, Pub. lands, No. 234, 1966, 
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1.F OUTPUT 


UHF TUNER WITH AFT—Zenith version uses 
transistor as oscillator, with Varicap receiv~ 
ing correction voltage from control discrim- 
inator fed by third i-f, to provide automatic 
fine tuning for color programs.—F, H. Belt, 
Inside the 1968 Color Sets, Electronics World, 
Jan. 1968, p 41-45 and 72-75, 


Vo 
line flyback pulse r 
f\ {\ iOnF | 
>| = 
X" demodulator »Z demodulator a PCC88 


X-Z  MATRIX—Consists of three identical fiers through coupling capacitors, Requires 

color difference amplifiers operating with d-c coupling to picture tube, because clamp- Colour Television Receivers, Philips, Pub. 
common cathode resistor, with X and Z sig- ing is impracticable.—A. Boekhorst and W. Dept., Elcoma Div., Eindhoven, The Nether- 
nals applied to grids of two triode ampli- Graat, Chrominance Circuits for N. T. $. C. lands, No. 234, 1966. 
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AUXILIARY HORIZONTAL OUTPUT—Pentode 
stage is stabilized against line voltage varia- 
tions, to keep picture width from changing 
with line voltage. Transistor d-c amplifier, 
with zener holding emitter at 9 V, has suffi- 
ciently high gain to provide stabilization and 
completely compensate for aging of tube or 
transistor. Stage is modulated to provide 
East-West raster correction, with modulation 
such that deflection current is about 13% 
less at top and hottom of picture than at 
center.—C. J. Boers, Circuits for 110 Degree 
Colour TV Picture Tube, Philips, Pub, Dept., 
Elcoma Div., Eindhoven, The Netherlands, No. 


261, 1969. 
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COMPLETE HORIZONTAL DEFLECTION—In- half of deflection power. Stages at right Circuits for 110 Degree Colour TV Picture 


cludes main stage at left which supplies 
extra high voltage for 110-deg color picture 
tube, power for difference current drive, and 


supply power for shift circuits and other half 
of deflection power, with modulation to pro- 
vide East-West master correction.—C. J. Boers, 


Tube, Philips, Pub. Dept., Elcoma Div., Eind- 
hoven, The Netherlands, No. 261, 1969. 
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Vehrom. 


Vref 


27pF | 2xAA113 2xAAN9 


27pF 
M p 
color difference signals can be applied to 
three completely independent color differ- 
ence amplifiers.—A. Boekhorst and W. Graat, 


THREE DEMODULATORS—Individual demodu- 
lators for R-- Y, B— Y, and G — Y stages 
give greater design  ftexibility, Resulting 


SSpH 


I20VA.C, 


INSTANT-ON—Used in Westinghouse 1969 
color sets to keep tube heaters warm while 
set is off, Picture is obtained within about 
4s after set is turned on. $2 disconnects 
warm-up feature, as might be desired when 
going on vacation.—F, H. Belt, Color-Tv for 
1969, Electronics World, Jan, 1969, p 25-30 
and 66—67. 
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Chrominance Circuits for N. T. $, C, Colour 
Television Receivers, Philips, Pub. Dept., El- 
coma Div., Eindhoven, The Netherlands, No, 
234, 1966. 
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SOUND I-F FOR PORTABLE COLOR SET—-Uses 
two 4.5-MHz i-f stages followed by ratio de~ 
tector, Provides high gain to offset heavy 
trapping of 41.25-MHz sound carrier in video 
i-f.—E. L. Haas and D. V. Jones, Portable TV 
Sound System, General Electric, Syracuse, 
N.Y., No. 90.78, 1969. 
VOLUME CONTROL 


AUDIO OUT 
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from 
current difference 
drive circuit 

NORTH-SOUTH CORRECTION—Corrects for 
pincushion distortion of raster in North-South 
direction by adding current at horizontal or 
line frequency to vertical deflection current. 
~C. J. Boers, Circuits for 110 Degree Colour 
TV Picture Tube, Philips, Pub. Dept., Eleoma 
Div., Eindhoven, The Netherlands, No. 261, 
1969. 
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G-—Y signals are available at output of the 


TRANSFORMER MATRIXING—Demodulation 
transformer (dashed boxes) performs motrix- 
ing function, such that R—Y, B—Y, and 


three synchronous detectors. Both second- 
ary windings and the tertiary winding are 
center-tapped to maintain a-c balance in syn- 
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TO G-Y AMP 


TO R-Y AMP 


TO CHROMA AMPLITUDE CONTROL 


chronous detectors.—O. A. Kolody, Simplified 
Transistor Color TV Processing Circuitry, 
General Electric, Syracuse, N.Y., No. 90.63, 
1969. 
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RCA AFT CONTROL—Takes signal from 3rd 


FROM 3RD 
LE PLATE 
wet “R78 #8: tear NOMINAL +5V DC CoR f 
PROX. 4575 CIRCUIT DS. , RECTION VOLTAGE TO. of up to 5 
46 50 MHz MHz “1 AMP. J VARIABLE CAPACITANCE 
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Color Sets, 


= +5 REFERENCE 


VOLTAGE TO V.H.F. TUNER: 


REFERENCE ADJUST 


Ti 


DIFFERENCE CURRENT DRIVE—Used to make 
beams converge in corners of picture on 110- 
deg color crt. Includes wave-shaping net- 
works, Report describes circuit operation in 
detail, Field-frequency voltage that modu- 
lates difference current is supplied by tran- 
sistor amplifier in which feedback loop is 
shunted to ground by voltage-dependent re- 
sistor R207.—C, J. Boers, Circuits for 110 
Degree Colour TV Picture Tube, Philips, Pub. 
Dept.,, Elcoma Div., Eindhoven, The Nether- 
lands, No. 261, 1969. 
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tuner in RCA CTC-28 chassis. 


C206 t 


i-f and converts it to d-c correction voltage 


V for correcting fine tuning of 
Complete ver- 
simplified circuit is given in RCA 


service manual.—F. H. Belt, Inside the 1968 


Electronics World, Jan. 1968, p 


41-45 and 72~75. 
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video detector 


CHROMINANCE AMPLIFIER—Designed for use 
in NISC color television receiver. Consists 
of gain-controlled pentode and triode cath- 
ode follower, with output going to two 


to killer detector 


33.4MHz 


luminance signal 


chrominance signal 


Gain control is 


double-diode demodulators, 
partly automatic, using burst amplitude as 
reference (obtained by burst amplitude de- 
tector D4).—A. Boekhorst and W. Graat, 


a bd 


Chrominance Circuits for N. T. S. C. Colour 
Television Receivers, Philips, Pub, Dept., El- 
coma Div., Eindhoven, The Netherlands, Ne. 
234, 1966. 
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GRAY-SCALE TRACKING—Helps chroma gain 
to follow the settings of contrast control in 
Hoffman 1968 color sets. Complete circuit 
can be found in Hoffman 1968 tv service 
manuals.—F, H. Belt, Inside the 1968 Color 
Sets, Electronics World, Jan, 1968, p 41-45 
and 72-75. 
Re 
SOURCE LOAD 
(75.9) (75Q) 


O o 
Ve +Voc 


Ci, Ca, Cs = 0,002 pF 
Ca = 8-60 pF, Arco 404 or equiv, 
F 


200 ohms, 1 watt 
T = A-turn biftlar winding, 4%” 1D, No. 30 wire; 
Core: G.J. material Qi or equiv. 


54—216 MHZ WIDEBAND CATV—Uses single 
2N5109 transistor to provide gain of 12 dB. 
Suitable for CATV applications. Uses fer- 
rite-toroid wideband transformer with 4:1 
impedance ratio at output to transform 75- 
ohm load into 300-chm collector load.—“Sili- 
con Power Circuits Manual,“ RCA, Harrison, 
N.J., SP-51, p 342. 
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EQUAL CUTOFF VOLTAGES FOR GUNS—Pen~« 
tode luminance amplifier with contrast con- 
trol in screen grid circuit feeds color picture 
tube in which control grid voltages for all 
three guns are equal, as also are screen grid 
voltages of guns, so guns have equal cutoff 
voltages, Tracking of gun grid voltages 
with voltage of black-level voltage divider 
is obtained by means of voltage-dependent 
resistor VDR. Complexity of circuit and 
limited brightness control range are chief 


PULSE H-V REGULATOR—Used in Olympic 
CTC-31 color set to keep high voltage below 
of dangerous x-rays, 
from flyback transformer is applied to anode 


drawbacks.—A. Boekhorst and J. Gerritsen, 
Video Drive Circvits for Colour Picture Tubes, 
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of triode, to produce negative dec voltage 
that increases with pulse amplitude and 
thereby counteracts increase in high voltage. 
—F. H. Belt, Color-Ty for 1969, Electronics 
World, Jan. 1969, p 25-30 and 66-67. 
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Philips, Pub. Dept., Eleoma Div., Eindhoven, 
The Netherlands, No. 233, 1965. 
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MANUAL DEGAUSSING—Used in Philco 19~ 
DEGAUSSING FT20 color tv. Normally, switches $2 are 
St col MOUNTED WITH ON-OFE-VOL. -TO.Be closed and degaussing coil is shorted out. 
ety, (cow OPEN, CW CLOSED) CIRCUITS For degaussing, volume control is turned 
PUSH OFF) further counterclockwise after set is turned 
off, to open sections of $2, Set-is then 
turned on by pulling outward on volume- 
120VAC. control shaft. Coil then degausses ert for 
few seconds, until voitage-doubler capacitors 
at right have charged, Volume control is 
a Gs then rotated clockwise to close $2.—F, H. 
oar Belt, Color-Tv for 1969, Electronics World, 
Jan. 1969, p 25-30 and 66-67. 
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COLOR MONITOR—Automatically adjusts .01MF NITOR 
color signal so correct flesh tones are main« i 
tained during switching of stations, pro~ } OWE | 
grams, tv cameras, or scenes. Mounted at H R244 = 
rear of vhf tuner, to permit short leads for outer ue 330 ie 
picking up color signal at color control. 
Preference control permits adjusting for most R2N6 
pleasing flesh tone. Manual describes op- 1K YEL ~ GATE 
eration of circuit in detail—14H12 Color 2 57B136~12 rzi 
Television Chassis, Admiral Service Manual th uae 
Supplement $1062N, 1970. 
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CONVERGENCE-—Circuit provides static con 
vergence by means of direct current through 
vertical convergence coils. Complete dia- 
gram of vertical convergence circuit is shown. 
Report describes operation of circuit in de« 
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Elcoma Div., Eindhoven, The Netherlands, No. 
261, 1969. 


tail.—C. J. Boers, Circuits for 110 Degree 
Colour TV Picture Tube, Philips, Pub. Dept., 
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-(B-Y) 
KEYED-DIODE CLAMPING—Color 
amplifier uses triodes as keyed diodes to pro- 
vide asymmetrical clamping of color differs 


difference 


ence signals, Requires that blanking be ap- 


plied to chrominance amplifier during fly- 


FROM 
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OEMOD 


FROM 
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OEMOD 


back time,—A. Boekhorst and W. Graat, 
Chrominance Circuits for N, T. §. C. Colour 
Television Receivers, Philips, Pub, Dept., El- 
coma Div., Eindhoven, The Netherlands, No. 
234, 1966. 
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COLOR DIFFERENCE AMPLIFIER—-Used in 
transistor color tv receiver to amplify R—Y 
and B~Y color difference signals coming 
from synchronous detectors and matrix the 
signals to get required G—Y color difference 
signal—O, A. Kolody, Simplified Transistor 
Color TV Processing Circuitry, General Elec 
tric, Syracuse, N.Y., No, 90.63, 1969. 
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HORIZONTAL OUTPUT—Developed for 110+ 
deg color tube. Output stage is not stabi- 
lized against line voltage changes, but high 
voltage for picture tube (eht) is stabilized 
against load variations. Width of picture 
does not change because horizontal deflec- 
tion current is made to change half as much 
as high voltage, using stabilized auxiliary 
horizontal output stage.—C, J. Boers, Circuits 
for 110 Degree Colour TV Picture Tube, Phil- 
ips, Pub. Dept. Eicoma Div., Eindhoven, The 
Netherlands, No. 261, 1969. 
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MAGNAVOX VHF AFT TUNER—Automatic 
fine tuning voltage derived from 3rd video 
i-f is applied to semiconductor diode that 
68 controls tuned circuit of triode oscillator. 


813 


me Complete circuit is given in Magnavox 1968 a 
VHF, a color tv service manuals,—F. H. Belt, Inside sk 
TUNER Z i Vog* +30 VOLTS 
ose. the 1968 Color Sets, Electronics World, Jan. 
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3.58-MHZ PHASE-LOCKED OSCILLATOR—~Volt- 
age-dependent resistance characteristic of fet 
is used to vary effective tuning capacitance 
of crystal subcarrier oscillator for color tv. 
Permits fine adjustment of oscillator fre- 
quency fo give accurate control of picture 
tint.—N. P. Doyle, FET Controls Crystal Os- 
cillator, EEE, Aug. 1968, p 136—137. 


control 
voltage 


cB1 

10nF 
HORIZONTAL OSCILLATOR—Circuit is conven- 
tional except that small part of parabolic 
voltage derived from cathode of vertical out- 
put tube PL508 is fed to cathode and grid 
both in PCF802 reactance tube. Potentiome- 
ter R89 can then be used for straightening 
vertical lines in picture.—C. J. Boers, Circuits 
for 110 Degree Colour TV Picture Tube, 
Philips, Pub. Dept., Elcoma Div., Eindhoven, 
The Netherlands, No. 261, 1969. 
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1968, p 41~45 and 72-75. 
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COLOR AFT SYSTEM—Uses RCA special-func- 
tion IC to provide accurate tuning reference, 
System locks an picture-carrier i-f and holds 
tuner oscillator within 25 kHz of picture car- 
rier to give high-quality picture at all times. 
Report describes operation and gives per- 
formance grophs.—W. M. Austin, H. M, Klein- 
man, and J. Sundburg, Application of the 
RCA-CA3044 and CA3044V1 Integrated Cire 
cuits in Automatic-Fine-Tuning Systems, RCA, 
Harrison, N.J., ICAN-5831, 1968. 
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SYMMETRICAL CLAMPING—Chief advantage 
of circuit is immunity to noise, making blank« 
ing unnecessary.—A. Boekhorst and W. Graat, 
Chrominance Circuits for N. T. S. C. Colour 
Television Receivers, Philips, Pub. Dept., El- 
coma Div., Eindhoven, The Netherlands, Ne. 
234, 1966. 


COLOR DIFFERENCE AMPLIFIER~Nonmatrix- 
ing amplifiers use D40N transistors. Input 
impedance of G—Y transistor is 1,000 ohms 
and that of other transistor is 6,000 ohms, 
to provide different voltage levels required 
for driving picture tube——-O. A. Kolody, 
Simplified Transistor Color TV Processing Cir- 
cuitry, General Electric, Syracuse, N.Y., No. 
90.63, 1969. 


G-—-Y CATHODE MATRIX—Crosstalk between 
R—Y and B—Y amplifiers is a few percent, 
but offsetting advantage is that eventual 
hum on anode voltages of these stages is 
not phase-inverted on G—Y amplifier anode. 
Pentodes are used throughout to provide 


COLOR DIFFERENCE AMPLIFIER—Produces 
G—Y signal by matrixing R—Y signal and 


required gain~A. Boekhorst and W. Graat, 
Chrominance Circuits for N. T. S. C. Colour 
Television Receivers, Philips, Pub. Dept., El- 
coma Div., Eindhoven, The Netherlands, No. 
234, 1966. 


B—Y signal in cascade arrangement of tran- 
sistors.-A. Cense, Colour Difference Ampli- 
fiers Using the N-P-N Silicon Planar Package 
40822, Philips, Pub. Dept., Elcoma Div., Eind- 
hoven, The Netherlands, 1966. 


TELEVISION CIRCUITS—COLOR 815 


DOUBLE-DIODE DEMODULATOR—Used for chrominance 
phase demodulation of chrominance signals. 

Desired signal provides output voltages with reference 
equal phases from both diode circuits, to voltage 
give color difference signal at junction of ie 


load resistors. Provides no gain, but has | colour 
efficiency of about 80% with load values Ht difference 
shown.—A, Boekhorst and W. Graat, Chro- i signal 

Ni 

N) 


minance Circuits for N. T. $. C. Colour Tele- 
vision Receivers, Philips, Pub, Dept., Eleoma 
Div., Eindhoven, The Netherlands, No, 234, 
1966. B 


FROM 3RD 
VIDEOLF. Qt TUNER 


TRANS. AMP 
Switcn sHOwN 
iN DEFEAT POS. 
MOTOROLA AFT CONTROL—Takes — signal 
from 3rd i-f and converts it to d-¢ automatic 
fine tuning voltage for tuner of color set. 
Includes neon-lamp indicator circuit to indi- 
cate when fine tuning needs manual adjust- 
ment, Complete circuit is given in service 
manuals for 1968 Motorola color sets.—F. 
H. Belt, Inside the 1968 Color Sets, Electron- 
ics World, Jan. 1968, p 41-45 and 72—75. 


LAMP 


4.InF 


anode (B-Y) 


react, tube esy diff. ampl, 


BURST PHASE DETECTOR—Demodulated R--Y V \ . ary 


color difference signal, in which burst is zero 
if phase of burst is correctly received, is am« 
plified by triode VI, fed to clamp V2 to re- 
duce blanking level to zero, then applied 
to phase detector V3 to detect any deviation 
of burst from zero.—A. Boekhorst and W. 
Graat, Chrominance Cirevits for N. T. $. C. ne 
Colour Television Receivers, Philips, Pub. V V 

Dept., Eleoma Div., Eindhoven, The Nether- 


cathode cathode 
lands, No, 234, 1966. (R-Y) diff. ampl.  (@-Y) diff. ampt. 


B.2k 
burst amplifier 


adjustment 
Rig 


- -20V RI 
PY #+250V 
1 
| vert, defi, coi! 
cae 
L2 
R108 ‘T3520 
R04 22kn} | BANGS 
20kN ‘freq. A pi 
R02 
33kA. 
RIS -3v 
8.2k0. 
vert. 
rans Yr 


R103, $103 33m. 


C101 
1000F 


56k 25uF 


Ae 20mF +3N 
a 


sync C102 
10uF LL 
104: 
33nF Sa to line defl. circuit 
| aoe (ewe 
Wa “a 7 eo ™ a fe to hor. osc, 


VERTICAL DEFLECTION—Sawtooth voltage is to s¢s. Integrating network R122-C113 in TV Picture Tube, Philips, Pub. Dept., Eleoma 
derived from synchronized relaxation oscilla- cathode circuit of output pentode provides Div., Eindhoven, The Netherlands, No. 261, 
tor using BRY39 ses, Syne signal is ampli- required S-correction of deftection current— 1969, 

fied by BC148 transistor before being applied €. J. Boers, Circuits for 110 Degree Colour 
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ELECTRONIC CIRCUITS MANUAL 


PEAKER FOR CHROMA BANDPASS AMPLIFIER 
Simple a-¢ coupled peaker stage for tran- 
sistor color tv receiver improves performance 


of chroma bandpass amplifier, No aute- 
matic color control is used on this stage.— 
©. A. Kolody, Simplified Transistor Color TV 
Processing Circuitry, General Electric, Syra- 
cuse, N.Y., No, 90.63, 1969. 


270 


FROM PHASE DETECTOR 


REACTANCE 
ADJ. 


JFET 3.58-MHZ OSCILLATOR—Junction fet 
serves as reactance control for oscillator in 
chroma section of Admiral K10-2A 1969 


color tv.—F. H. Belt, Color-Tv for 1969, Elec- 
tronics World, Jan. 1969, p 25—30 and 66— 


67. 


c 
3 
Pp Pour 
IN (RL*75a) 
(Rg=750) 
C2 
i) 
INPUT FROM 6BAG 
3RO LF, 
c 
ASP, DEFEAT SwiTCH 
{ON TUNER) 
6 6 
Tg=50mA Voo215V¥ 
= 15 — 20 pF ls = 3 turns, Ve” 
& .002 pF jiameter, No. 24 wire 


== 30 ohms 


390 ohms a 
Seer reer yar ee hm wing. AUTOMATIC FINE TUNING—Used in Magna- ating principle.—F. H. Belt, Inside the 1968 
Co = 7 — 100 pF Ye” 1D; Cores Color Sets, Electronics World, Jan. 1968, p 
41-45 and 72-75. 


vox top-of-line sets to adjust tuner accurately 


= ne i 
8 ~ 60 oF Gul. so color burst is not lost. 


7 turns, Me” 
diameter, No. 26 wire 


material Qi or 


Article gives oper- 


54~216 MHZ CATV AMPLIFIER—Sophisticated 
wideband amplifier uses variety of match- 
ing, peaking, and feedback techniques to 
increase gain-bandwidth product. Provides 
minimum gain of 14 dB over entire band. § 
Used in trunk line and bridger amplifiers bie ett \ 
usually having two to four stages, with tilt : \ 
control generally incorporated only in second 
stage.—"Silicon Power Circuits Manual,” RCA, 
Harrison, N.J., $P-51, p 342. 


2700 770 


te syne \ 


andage 
180K 
NA 
contrast 


cireunts 
brightness & iooK 


control = WwW 
100K 
100K 


oe 
z 
3 
$ 
z 
3 


T 


Eaag GY) 


WA 
=z 


Ni 
S 
x 
= 


VOR FEEDBACK IN GUN CATHODES—Re- 
quired drive ratio for guns is obtained by 
cathode feedback, with screen grid and con- 


2200 
iR y) ia 


aaah 


and adjustment, Gives good gray-scale 


trol grid voltages being held equal. Bright- tracking.—A. Boekhorst and J, Gerritsen, sok “Pin ape 
ness control varies both control grid and Video Drive Circuits for Colour Picture Tubes, * a4 
screen grid voltages by same amount, to Philips, Pub. Dept., Eleoma Div., Eindhoven, /L V 

avoid color shift. 


Circuit is simple in setup The Netherlands, No. 233, 1965. 


TELEVISION CIRCUITS—COLOR 


2pF 


OSC INJECTION 
TO MIXER GRID 


fon { 10Opr 
SHAPED 
ch) CHI2 | 189-kHr — 
i PULSES 
CHAN 


RCA AFT--Shows method of applying avto- 
matic fine tuning control voltage to oscilla« 


for control transistor in RCA KRK-131 vhf 
tuner, Complete circuit can be found in 
RCA service manual for CTC-28 color chassis. 
—F. H. Belt, Inside the 1968 Color Sets, Elec. 
tronics World, Jan. 1968, p 41-45 and 72— 
75. 


peo ~16V 


COLOR-BAR GENERATOR—Unijunction 
sistor serves as down-counter, triggered by 
every 14th pulse of its input, in B&K Model 
1242 keyed-rainbow color generator, Diode 
aids stability and shapes output pulses for 


fran 


+Vy 


50k 
Tt 


{R-Y) amplitude 


G—Y ANODE MATRIX—Provides two-phase 
pentode demodulation, with triode as phase 
inverter and amplifier for G—Y signal, Ad- 


180k 
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13,800-Hr 
OUTPUT 


“aCe 


next stage. Generator uses total of four 
ujf’s.—F, H. Belt, Color Generators Reach the 
Solid State, Electronics World, May 1968, p 
25~29 and 64--65. 


(G-Y)amplituda 


Boekhorst and W. Graat, Chrominance Cir- 
cuits for N. T. S.C. Colour Television Re- 
ceivers, Philips, Pub. Dept., Elcoma Div., Eind- 


vantages include minimum crosstalk,—A, hoven, The Netherlands, No. 234, 1966. 
+20V—> 
AT4050/00 AT4050/00 AT4OSO/O1 
R528. L801 Rs29 Les RS22 4506 
green 220 blue 
tan comp. tan comp, comp. 
from 503 [506 
currant differance S60nF ay.950/00 S6OnF 4r4050/00 
4 | Bcr ‘ 4 
0 
BenT 1802 Sere [S04 
R506) red rsiof ] green 
ban 3 680) 3 
” ze 
-2V—» 
A yy fiom TZ { Cr 
WAL 800 emf TY. ae + 1 
fram R528 cht9 
Vv oy» tt 
cs01 R502 
AnF 58kKo R523 
ao 1Bk0 
(errs amma s00nF 
22kQ R-G par. bal. Aste 
s9kn Gags 
RS 
R5OT R508 
SbkQ 1.2k0. 
, R524 
47kO| | 2anF 4. : 
BHO 
a 


HORIZONTAL DYNAMIC CONVERGENCE— 
Complementary pair of emitter-followers is 
used for each convergence coil, Report de- 


R-Gtilt 


RE0S_—S 
ISN. 
OVpp fL 
from T2 


scribes operation of circuit and gives wave~ 
forms of horizonal convergence currents and 
fields.-C, J. Boers, Circuits for 110 Degree 


V34Vep 


Colour TV Picture Tube, Philips, Pub. Dept. 
Eleoma Div., Eindhoven, The Netherlands, No. 
261, 1969. 


CHAPTER 87 
Temperature Control Circuits 


208 TO 240 VOLTS 


818 


4-A SCR CONTROL FOR RELAY—Permits con- 
trol of high-current loads plugged into load 
receptacle. R1 can be GE 1D303 thermistor 
having 1,000 ohms at 70 F, cadmium sulfide 
photocell, or other sensor. Relay can be 6«V 
d-c such as Potter & Brumfield PT11.—"Hobby 
Manual,’ General Electric, Owensboro, Ky., 
1965, p 160. 


CONDENSER 


COMPRESSOR 


Ry at a Re Ry Rg > eae, 
R,. Ry —~—————— 1K ohm 

Re Ns megohm 
Re 22K ohm 
Ry 3.3K ohm 
Rg 8K ohm 

Ry 2.2K ohm 
Ry 2K ohm 
RE 220K ohm 
Ry Gr art 
RE 120 oh 


Fi TAMP 


RELAY OR 


OTHER LOAD 
eae 3 
cre CRI 
GE-X4 GEX4 9 


TEMPERATURE 
ADJUST 


COMPRESSOR 
OFF 


C -GE 43F9729AA9 250nfd 25V 

C, - GE TSFIRSA103 .61p fd 50V 

D, _- in PAdgg4 

,D,, D,, B, - GE AP 

Q tite -4in pasa 

~GE b29a4 

Q, - GE Ci06F 

Z -GE ZaxLiz 

Kl ~24V Coil; Contacts as req. 
220V PRI 

v1 {a CT SEC 


25 WATT 


AIR CONDITIONER CONTROL—Incorporates 
PA424 IC, shown in thin lines, and uses elec- 
tromechanical relay to handle relatively high 
compressor surge current (60 A or higher} 
of larger units. Also controls condenser fan. 
Hysteresis of control is adjustable from 0.25 
to 4 F with R6. Can be combined with 
heater control, for regulating room tempera- 
ture under all weather conditions.—T, A, Pen- 
kalski, Better Room Conditioning via Solid 
State Controls, General Electric, Syracuse, 
N.Y., No. 200.51, 1967, p 6. 


TEMPERATURE CONTROL CIRCUITS 


2.4-KW FULL-WAVE PROPORTIONAL CON- 
TROL~Provides zero-voltage switching in 
which ratio of load on time to off time 
varies as function of thermistor error signal, 
May be used to slave-drive additional triac- 
load combinations each having all compo- 
nents at left of R4.—J. L. Brookmire, Tem- 
perature Controls Incorporating Zero Voltage 


Switching, General Electric, Syracuse, N.Y., 

No. 200.45, 1966, p 9. 
CRI + G.E. AI3B - Al4B 
CR2 -G-E, Al3F - Al4E 
CR3 -G.E. ARF ~ Al4F 
CRE ~G.£. ANSP - AldF 
CRS -G.E. AIS - AI4F 
CR = GLE. IN4009 
CR? -G.E. A13B ~ AN4B 
CR8 - G.E, IN4009 
CRP ~ GLE. Z4XL6.2 
CRIO - G.E. IN4009 
CRI) ~ G.E. Z4XL16 
RI) -3K, Jow 
R2 -56, W 


TO SLAVE 
FIRING CKT 
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3 ~ 470, W 
R4 IK 

RS 15K, IW 
RO ~ 15K, 2V 
R7 -1K 

RB - 4.7K 

RO ~ 6.8K, SW 
R10 - 22K 

RIT ~ 22K 

RI2 ~ 22K 

RIS - 12K 

R14 - IMEG 
R15 - IMEG 


R1é ~ 100 

R17 - 220 

RIG ~ 6.8K 

RI9~1K 

R20 ~ 10K POT 

R2i - 10K 

R22 - 4.7K 

R23 - 10K POT 

R24 - 47 

R25 - 150 

C1 - 0.82 UF, 20%, 400 Voc 
C2 ~0.47 UF, 20%, 400 VOC 


C3, C5-1 UF, 10%, 15 VDC (MYLAR OR 
LOW LEAKAGE TYPE) 


C4 -3 UF, 20 WVDC 
Cé - 100 UF, 20 WYDC 

C7 - 500 UF, 25 WvDC 

Ql, Q4 - 2N3638 (Fairchild) 

Q2, Q3 - GE. 2N2923 

T - 5K THERMISTOR G.E. TYPE 


AT OPERATING 
TEMPERATURE 


Q5 - G.E, 2N2646 


2H502 ~ 5K AT 25°C. 


SCR1 - G.E. C5DX280 

SCR2 - G.E. COB OR C1068. 

Qé ~ TRIAC - G. E. SC45D - 10 AMP 
G.E. SC40D ~ 6 AMP 


208 TO 240 VOLTS 


Ry Rp Ry. Rig Rigt Rig sin PAG24 Ry 2.2K ohm C -~GE 43P9723AA9 250p{d 25V 
R, 1.5K ohm Re Rig 106 ohm c, - 220u a Sev 
RRR i ohn Ry 47 ohm C, ~GE75P7RSA105 lpia SOV 
re rh 12 47K ohm Roy 10K chm cy -~GE 7GF02KE220 22pfd 25V 
Re 8 4.7K ohm Rp GE 2R114 cy - GE 76F02KM101 loopfd 25y 
Rg, <a cnn R 120 ohm D}D,, Dy - OB AMF 
9 i D, thru ~ in PAG24 
Ry 5K ohm 1 6 
IC PROPORTIONAL FOR 7.5-KW HEATER—_ transformer. This isolates thermostat from 
Uses inverse parallel scr combination Q7-Q8 high-voltage power line. Components in 


operating from a-c line, with triggering cir- 
cuit operated from low-voltage secondary of 


General Electric PA424 IC are shown in thin 
fines. Can be combined with control for 


T5KW 
RESISTANCE 
HEATER 


~ in PAaza 

QQ, - GE C30 

Q, - GE onsztaizmi2 

2° ~GE ZaxLiz 

T, ~ Alladdin 02 -2062 

To -220 PRI24V CT SEC 

25 WATT. 

air conditioner, for regulating room tem- 
perature under all weather conditions.—T. A, 
Penkalski, Better Room Conditioning via 
Solid State Controls, General Electric, Syra- 


cuse, N.Y., No. 200.51, 1967, p 5. 


Q q thru Q 


820 


RLoaD 


POWER 
LINE 
120 VAC 
+ 
CONTROL 


SIGNAL 


O41 


1N4003 


c1 


5 BF TN 


50 V 


ane 


3-A BLOWER CONTROL—Phase-controlled 
blower regulates temperature produced by 
external heat source, May be used in sys« 
tems having single blower for regulating 
both room heating and cooling. Room tem- 
perature is monitored by feedback thermistor 
Ta, Feedback signal is compared in ujt error 
detector with reference R5, and resulting 
error fed to triac Q1 which supplies power to 
blower motor, Thermistor Tw and flip-flop 
Q2-Q3 sense water temperature when water 
is used either for heating or cooling. Circuit 
provides rfi suppression, Will maintain tem~- 
perature within 3% of thermistor resistance 
for 10% variation in line voltage.—”SCR 
Manual,” 4th Edition, General Electric, 1967, 
p 287-288. 


10k 


Ra i 
10k 


HIGH-TEMPERATURE  CUTOFF—Fet — circuit 
placed in heat chamber provides control volt- 


Riv 820 
R2~ 4.7Kn, 
RS~ (ko 


R4~SKO POT, 1/2W 
RS- SKM POT, i/2W 


RE“ 3.3KQ 


R?~ SKQ POT, 1/2W 


RO -22K0 


R41 
10k 
2W 


+ 


Qt 


MPS3638 


aw 


10k 


ARE DEPENDENT 
ON LOAD 


Q2 AND Q3 


ELECTRONIC CIRCUITS MANUAL 


SCR SLAVE~—Slave circuit Q1-Q3, added to 
half-wave control scr @2, gives fullkwave 
control, Each time Q@2 turns on, it feeds 
single power pulse through QI to gate of 
sey Q3, making Q3 turn on and pass load 
current for half-cycle following that in which 
Q2 was on. Control signal at gate of Q2, 
either d-c or power pulse, will thus act on 
both Q2 and Q3 to give full-wave control. 
U control pulse is synchronized with a-c line, 
switching occurs only at zero point.--’Semi- 
conductor Power Circuits Handbook,” Moto» 
rola, Phoenix, Ariz., 1968, p 6-13. 


R9- 3.3KH 
RIQ= 4.7KR 


Ri 1000, 1/2W 
Ri2-1kO 

Ci O.22utd, 200V 
C2~.08ptd, 2000 
C3-O.|nt SOV 


C4=0 lutd,SOV 


Q, 
2u3ez5/ DB. 


01 THRU 04 ~GE 6RSt6PAIL. Ad 

05 THRU 08- Ge AIF 

QI~ GE sc4i8 

92,03 ~ GE an27i2 

Q4~ GE 2ndeae 

Zi~ GE 24XL20 

‘Tw-GE 10103, 5K @ 25°C THERM!STOR 
Ta ~GE 10103, 5K @ 28°C THERMISTOR 


Mi-3 AMP SHADEO POLE MOTOR 
Th SPRAGUE HZI2 PULSE TRANSFORMER, 


NOTE: ALL RESISTANCES i/2 W, 
#10% UNLESS OTHERWISE SPECIFIED, 


CONTROL 
Sk Qa VOLTAGE 
2N2219 
Re 
1k pen ae 
: \ 65 C as determined by setting of R4. After 
reset temperature drops below trip point, reset 
| switch must be closed manually to initiate 
another heating and control cycle, Article 
describes operation in detail. Action de- 
pends on change of fet transconductance 
~12¥ with temperature.—E, Elad, FET’s Resistance 


age for cutting off heater when temperature 
reaches desired maximum between 35 and 


Change Trips Heater Control, Electronics, 


April 29, 1968, p 6566. 


TEMPERATURE CONTROL CIRCUITS 


180 WATT 
HEATER 
Load 


Ol ~ GE 3638 CRI ~ GE AI3C 
O2- GE 2N3415 TH SOK NTC 
SCRIi~ GE CIO6B] R_- FEEDBACK HEATER 
AS REQUIRED 
HALF-WAVE ZERO-VOLTAGE SWITCHING— 
Duplicates function of bimetallic switch 


normally used in electric blankets, Scr is 
fired either at beginning of alternate half. 
cycles or biased off completely. On-off cycle 
repeats at rate determined by room tempera- 
ture, so ON time increases when temperature 
is low, Switching at zero voltage minimizes 
rfi, eliminating need for filter.—“SCR Man- 
val,” 4th Edition, General Electric, 1967, p 
149-150. 


Woo 1%o0 


PR7745/00 —} 


Load 
240 W MAX. 
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INCREASE 
TURN-ON 
TEMPERATURE 


KD2I07, 
KD2108, OR 
KDZIOS 


® 


Jt P| 


4 


240-W COOLING CONTROL—When thermistor 
T senses that temperature is above that called 
for by setting of RI, transistor switch and 
ser are retriggered early in each succeeding 
half-cycle of a-c input to give full-wave cur- 
rent through cooling fan or other load, with- 


copper 


| 

cold 
Junction | 
} 


copper 


+—— 


out rfi, Optional latching circuit R5-Cl would, 
if used, keep fan on until line switch $1 is 
opened.—“Silicon Controlled Rectifier Experi- 
menter’s Manual,” RCA, Harrison, N.J., 1967, 
p 110. 


THERMOCOUPLE CORRECTION~Philips DOA- 
40 differential opamp and temperature-sensi- 
tive resistance bridge provide compensation 
for variations in cold junction temperature. 
Designed for use with thermocouple having 
Chromei-Alume! hot junction giving tempera- 
ture range of 0 to 1,000 C with 15-V supply. 
If temperature of cold junction increases 80° 
degrees, error in reading is only about 6 
deg when correction circuit is used.—Temper- 
ature Measurement With a Thermocouple 
{Compensated Cold Junction) Using the DOA. 
40, Philips, Pub. Dept., Elcoma Div., Eind- 
hoven, The Netherlands, No. 26. 


822 ELECTRONIC CERCUITS MANUAL 
Rig 
0 To 250 
Da Ry 
KO2I03 ak 
03 
KD2I03 
MULTIPURPOSE TEMPERATURE CONTROL— 
Different combinations of wiring give choice 
of operating methods. With wiring A, load 
is turned off when temperature increases, for a 
heating applications. Wiring B gives oppo- ' 
site effect, for cooling applications. With ' 
wiring C, circuit does not lock in either mode. f 
Wiring D will latch control in either mode, j 
depending on whether used with A or B. : 
With D, R14 and C3 showld be removed and KD2I02 i 
replaced by jumper.—“Silicon Controlled Rec- |  $pe | { Wy Poo t-2 4] |b bers >}--! 
tifier Experimenter’s Manual,” RCA, Harrison, 
NJ, 1967, p 117. 
120 Vv 
60 Hz 
TRERMISTOR 
SLAVE CIRCUIT 
Se re EN 4 
1 | 
O 
| 
D1 
1N4005 c3 a 
AI 0.47 uF l 1Na005 \ 
+ Ke 400 V d I R14 | 
BW | R10 24k 
+£5% 
J 2wW | 
R2 R3 R6* RS 
470 330k 3k 220 
+5% +5% R12 
10 & 
lg 45% 
230 V ian Unaiam mis \ 
50 ie 20k ¢ 82k 
5% 345% Fo ee EY 
2N 4870 D3 
on ap MZ2361 2N5166 2N5166 
40 uF ON lop MAX Igz MAX 
50 V (+) i“) = 3o mA 12 ma 
ai SS MZ2361 
C2 Q2 TEMP. 
40 HEN 2N3905 O3 
30 V R?7 2N5060 p4 
é3 10k MZ2361 
RT RO 
47k 
oO 


*LOW TEMP. COEFFICIENT 
FENWELL QR51J1 100k THERMISTOR 


4-KW  MODULATED-SCR CONTROL WITH 
ZERO-POINT SWITCHING—Designed for 230- 
V a-c line operation. Each time master ser 


Q4 applies positive half-cycle of power to 


load, it energizes slave circuit that fires Q5 
and applies following negative half-cycle of 
power to load. Modulation involves divid- 
ing line frequency into 12-cycle groups and 
applying 1 to 12 cycles of each group to 
load, for modulation in 8% steps from 0 
to 100% duty cycle. C2 controls number of 
cycles per group. Intended primarily for 


industrial applications where separate trans- 
formers are available for supplying banks 
of heaters, because switching of load power 
on and off at 6 Hz may cause undesirable 
flickering of incandescent lamps connected 
to same line.—Semiconductor Power Circuits 
Handbook,” Motorola, Phoenix, Ariz., 1968, 
p 6~-8. 


TEMPERATURE CONTROL CIRCUITS 823 


CONTROLLING HEATER AT 800 F—Tunnel 
diode compares ovtput of thermocouple with 
reference voltage appearing only at begin- 
ning of each half«cycle. When tunnel diode 
switches, pulse is applied to ujt operating in 
latching mode, for triggering scr at beginning 
of each half-cycle. Will hold temperature 
within 20 F of 800 F set point.—F, W. Gutz- 
willer and E, K. Howell, Economy Power 
Semiconductor Applications, General Electric, 
Syracuse, N.Y., No, 671.1, 1965, p 11. 


Ri2,D7 OPTIONAL FOR DIFFERENTIAL ACTION(HYSTERESIS) Te: SPRAGUE 93220 


= 
240V 
5«KW ON-OFF—Uses half-wave xero-voltage © "# 
ig 
switching to control low-power hot-wire relay 
that in turn switches large heater or other 
load operating directly across power line. 
Feedback element, reference, and error detec- 
tor (in dashed block) regulate within 0.2% 
of thermistor resistance over 10% variation ie 


in line voltage.—”SCR Manual,” 4th Edition, 
General Electric, 1967, p 281—282. 


NOTE: ALL RESISTANCES 


Ry, R6 - 5600, 1W 
V2 W#10% UNLESS 


C,~20ptd, 100V 


cn Risen ae ee OTHERWISE SPECIFIED 
R4-IKQ POT /2W Dj,D2,D3 - GE AI3A 
Ry ~ 1002 Ta - GE 20102, IK@ 25°C THERMISTOR 
R7.Rg — 1KA K\~ KING SEELEY 63552 (10QCOIL) 
LOAD-5KW HEATER 
Loap Re 
240 W MAX. 3000 
5 
F INCREASE 
3a TURN-OFF 
TEMPERATURE Gy 


KO2107, 
KO2I08, OR 
KD2I09 


~ 
AIRFLOW TO 
! = EQUIPMENT 


J 
La oe 


Se 
| ARMATURE 

ae 

AIR INLET |} 


me ele 


COOLING FAN CONTROL—Maintains equip- 
ment at preselected temperature by adjusting 


240-W HEATER CONTROL—When thermistor 


T senses that temperature is below that called 
for by setting of RI, transistor switch and scr 
are retriggered early in each succeeding 
half-cycle of a-c input to give full-wave cur- 


rent through load, without rfi. Optional 
latching circuit R5-Cl would, if used, keep 
heater on until line switch $1 is opened.— 
“Silicon Controlled Rectifier Experimenter’s 
Manual,” RCA, Harrison, N.J., 1967, p 113. 


volume of cooling air with fan motor speed 
control circuit, to compensate for variations 
in air inlet temperature as sensed by thermis- 
tor, Temperature variation of about 10 C 
will change speed of universal moter lin- 
early from standstill to full speed.—H. 8. 
Opladen, Control Circuit Maintains Constant 
Operating Temperature, Electronic Design, 
Oct, 26, 1964, p 55-56, 
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TRIGGER 
CIRCUIT 


[(--}= 240V COMPONENTS] 


BATH CONTROL—Low-cost thermistor-oper- 
ated controller is ideal for molten lead and 
other fluid baths, soldering irons, temperature 
ovens, and other heat loads, May also be 
used to control cooling system such as fan 
or air conditioner, by connecting load to nor« 
mally open contact on relay or by reversing 
connections to secondary winding W2 in 
bridge. Will hold temperature within 1 deg 
of desired value in range of 20 to 150 F.— 
D. R. Grafham, Using Low Current SCR’s, 
General Electric, Syracuse, N.Y., No. 200,19, 
1967, p 30, 


Al3D2 


¥ 


PROPORTIONAL CONTROL WITH 8-KW SYN- 
CHRONOUS A-C SWITCH—Under control of 
thermistor, heater is switched on and off 
in whole number of cycles, thereby elimi- 
nating rfi and making r-f filters unnecessary. 


INTEGRATED 


ELECTRONIC 


AIZF2 


IN4009 


CONTACT 


Th-UTC FTIO OR EQuiv. 


6.8K, SW 


CIRCUITS 


MANUAL 


15-A IC-TRIAC HEATER CONTROL—Uses PA- 
424 IC zero-voltage switching trigger com- 
bined with triac to give equivalent of thermo- 
stat having differential of less than 0.2 F, 
response time of only a few seconds, and 
Controlled temperature must fluctu- 
ate in order to operate switch, and resultant 
hunting may be unacceptable for some appli- 
cations.-E, K, Howell, integrated Circuits for 
Sophisticated, Low Cost AC Power Control, 
General Electric, Syracuse, N.Y., No. 671.9, 
1968, p 23. 


no rfi, 


{6VOC) 
MRI COIL 


cR2 
INIGS2 


io} 
0.05 pt 


TEMPERATURE 
100' 


ADJUST 


Z4XL16 


® 
) 


CRI ¥ 
INI692 


SCR| 
ClO6Y! 


High-gain control circuit, consisting of ther- 
mistor in bridge followed by error-signal 


amplifier Q1-Q2 driving SCR2 and SCR3 
through Q3,.Q4, and SCRI, maintains tem- 
perature of system within 1 F of set point.— 


F, W. Gutzwiller and E. K, Howell, Economy 
Power Semiconductor Applications, General 
Electric, Syracuse, N.Y., No. 671.1, 1965, p 11. 


TEMPERATURE CONTROL CIRCUITS 


WORKING 
THERMOCOUPLE 


REFERENCE 
THERMOCOUPLE 


9.6-KW ZERO-VOLTAGE SWITCHING—Pro- 
vides either proportional or on-off : control 
of four 2.4-kW heaters, using master triac 
Q3 and three slaved triacs Q4-Q5-Q6. Con- 
trol circuit, in dashed block, consisting of 
feedback element, reference, and error detec- 
tor, has regulating accuracy of 0.5% of ther- 
mistor resistance for 10% variation in line 
voltage.-"SCR Manual,” 4th Edition, Gen- 
eral Electric, 1967, p 280—281. 


4738 45% 


o2 


2-KW CONTROL WITH ZERO-POINT SWITCH- 
ING—Cycling rate is controlled by tempera- 
ture, so it will overshoot slightly because of 
time lag between heat source, surface being 


THERMOCOUPLE-DRIVEN CONTROLLER—Low- 
Jevel solid-state relay serves as inexpensive 
trip control that responds to voltage differ- 
ence between thermocouples in range of 0— 
50 mV, Arrangement is particularly useful 
when ambient temperature is fairly constant. 
—Microvolt DC Relay Makes Inexpensive 
Thermocouple Trip, Electronic Design, Nov. 
29, 1965, p 81. 


OUTPUT 
ACROMAG 


370 RELAY CONTACTS 


825 


MZ2361 


TO LINE 


2aov 
6OHZ 


[RS 


RI- 22Ka2W 


RID® 3K, 10W 


Rig “tO 01,05,06,07 - GE AI30 


R2-4700 Ri 560 C\-S50p(a,25V 0? 03,08- GEAI3A 

R3-S6KA RI2" 10K C2- OOlsEd,25¥ D4 GEAISF 

R4-39KO,20 3° 22K, 20 C3-Olatd, 400 Z i> GE Z4KUI6, 

RS 22Ka,7W R14” 1000 64-0 47xtd, 25V 22° GE 24XL91 

R6-|KQPOT, 1/20 RiS-22KR C50 B2ufd,400V Ta*GE 20102 IK@25*C THERMISTOR 
R?7-2200 RIG~6 6MO CG ~ Sa fd, ISV LITHRUL4 = 24KW HEATERS 
Ra-220Ka RIT~ j00 01,02 GE Cloé yi NOTE ALL RESISTORS 1/2 W1O% 
R9-220K0 R18- 100 Q3 THRU Q6- GE SC46D UNLESS OTHERWISE SPECIFIED 


03 
MZ2360 


controlled, and thermistor R4. Cycling rate 
can be made slow enough, such as once per 
minute, so it will not cause objectionable 
blinking of tights or changes in ty picture 


i3}) 
1N4004 
R11 
50k 


R12 
3900 
5 Ww 


2N5165 
12mA 
igr MAX 


*R4 THERMISTOR, 
FENWALL GA45P2 


size when heater is switched on and off 
without proportional —_control,—-“’Semicon- 
ducter Power Circuits Handbook,” Motorola, 
Phoenix, Ariz., 1968, p 6-11. 
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* 


Ri =~ 28 OHMS, 4W 

CR -CR2-G.E. ASE ~ Al4F 
R2 ~ 250 OHM POT. 

S~ <1] OHM THRU 100 OHMS 


R3 ~ 1K 

R4-1K 

R6- 1K 

RS = 1K 

LOAD ~ 12 WATTS TESTED 
(RESISTIVE) 


QI] ~ G.E. 2N339, 2N3391 OR LOWER GAIN TYPES 
SUCH AS 2N2925 OR 2N2711 SERIES. 


SCR1 = G.E, C1068 
SCR2 - G.E, C1068 


COB MAY BE SUBSTITUTED 


ELECTRONIC CIRCUITS MANUAL 


HALF-WAVE CONTROL WITH 1-OHM SEN- 
SOR—Uses pulse and pedestal zero-voltage 
switching, with sensors ranging from fraction 
of ohm to 100 ohms. Differential is 0.5% 
of sensor resistance at set temperature. Cl 
is not needed in this circuit, but may be 
requited when. using different type of trans~ 
former, to give some differentiation for more 
zero-voltage switching action. Circuit is best 
for resistive loads because it is not entirely 
free from rfi. Diode CR3 {A13B) is not 
needed if load is thermal relay.—J. L. Brook- 
mire, Temperature Controls Incorporating 
Zero Voltage Switching, General Electric, Syra- 
cuse, N.Y., No. 200.45, 1966, p 5. 


PROPORTIONAL CONTROL WITH OPAMP— 
Feedback between IC operational amplifier 
and temperature-sensing bridge gives pro« 
portional temperature control and long-term 
stability. With amplifier operating as 100- 
Hz oscillator, output power increases as 
sensed temperature decreases. Response is 
obtained to changes as small as 0.01 C. 
Thermistor used as sensor is 100K at 25 C, 
Article gives design equation.—H. D. Val- 
liant, Exact Temperature Control With Op- 
erational Amplifier, Electronics, April 3, 1967, 
p 97-98. 


Ty = HAMMOND 145H == 


SCR OVEN CONTROL—Circuit varies charge 
on capacitor to control firing angle of ser. 
This, in turn, controls the time that current 
flows through heating coil, for regulation of 
oven temperature, Potentiometer R3_ ad- 
justs temperature control point.—D, £. La 
Plante, Scr Triggered by Capacitor Lowers 
Cost of Oven Control, Electronics, Nov. 28, 
1966, p 83~84, 


OUTPUT 


ACROMAG 
370 RELAY 


fe) te) 
IIS Vv. GOCPS 
RESPONDS TO 0.02 C CHANGE—Bridge cir~ 
cuit feeding ultrasensitive solid-state relay 
serves as precision temperature controller for 
small oven. Rs is adjusted to equal thermis- 
tor resistance at desired set-point tempera~ 
ture, which is from 350 ohms at 50 C to 70 
ohms at 100 C.—Ultrasensitive Relay Forms 
Precise Temperature Controller, Electronic 
Design, Nov. 29, 1965, p 76, 


HEATER 
POWER 


TEMPERATURE CONTROL CIRCUITS 


1.2KW LOAD 


(20 VOLTS 
6OHr 


UIT TRIGGERING LEVEL. 
PEDESTAL 
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RI,R2 = 2200 OHMS, 2 WATTS Qt* GE 2N2646 

R3*4700 OHMS, 1/2 W Q2+ GE SC46B8 

R4 = THERMISTOR, APPROX 5000 OHMS AT Ti = SPRAGUE 35Zm923 
OPERATING TEMPERATURE, GE-4H OR EQUIVALENT 


R5= 10,000 OHMS W.W. POTENTIOMETER 
RE*« 5 MEGOHM POTENTIOMETER 

R7= (OOKR 1/20 

RB = JO00 OHMS, V2 W 


1.2-KW REGULATOR—Phase-controlled preci- 
sion temperature regulator uses cosine-modi- 
fied ramp-and-pedestal phase control, Triac 
supplies full-wave phase-controlled a-c power 


O1-D4= GE INI693 

05+ GE Z4xL22 

06+ GE INIGS2 

Cl = O.lafd, 30¥ 

to heater load. Feedback-circuit thermistor 
R4 senses temperature for comparison with R5 
reference signal in ujt error detector, to con- 
trol turn-on of triac. Will control tempera- 


ture to within 2% of thermistor resistance 
despite 10% variation in line voltage.—“SCR 
Manual,” 4th Edition, General Electric, 1967, 
p 278-279, 


Ri? 


ors 


CRI, CR3 - G-E AI3B OR AI4B 
CR2, CR? - G-E 16L1423 ZENER 


CR4,CR5,CR6 - G-E AI3F OR AI4F 


Ri - 15K, 2W RIS - 470,1W 
R2- 470 R16 - 220 

R3- 1K RI7, RI8, RIS - 100 

R4 - 1 MEG. C(~ 100 LF, 15 wvOC 

RS - 100K C2 - 100 LF, 25 WVDC (115 SEC, PERIOD) 
R6 - IK C3 - 0.82 LF, 20%, 400 VOC 

R7 - 22k C4~- 0.47 LF, 20%, 400 VDC 

R8- 250K POT Ql- G-E 2N2646 

RO ~ 15K Q2,03,04 ~ G-E 2N2923 

RIO - 10K POT Q5,Q6 - G-E TRIAC (SC45D,10 AMP 
Rit ~ 58K OR SC40D, 6AMP) 

RI2-1K SCRI- G-E C5DX280 

RI3 - 56 OHM, IW T - 2k AT SENSING TEMPERATURE 
RI4 - 3K, 1OW (G-E BEAD TYPE 818 - 20202) 


PROPORTIONAL CONTROL WITH RFI SUPPRES- 
SION—Precision contra} for convection base- 
board heating systems and combined central 
air conditioning and electric heating systems 
has manually adjustable gain control. At 
low gain, spread is 21 F from full on to off 


for load power, and only 2 F for high gain. 
load can be over 10 kW. Cycling period 
(ON plus OFF time) may be changed in 
steps from 1 fo 115 s by changing value of 
C2; that shown is for 115 s. Circuit includes 
free-running sawtooth generator QI-Q2-Q3 


FOR 120 VOLT OPERATION 
CHANGE 


rs ee 


E/Tya RIS! RIB 
Ef) Ai pte T0483 TRIAC GATE 


' Rig 


CRT Laws» TOX4 TRIAC GATE 


1OK, |W 


whose period of ascillation is determined by 
C2 and R4, Dashed lines show method of 
slave-driving additional triacs.—~J. 1. Brook- 
mire, Proportional Zero Voltage Switching 
Temperature Control, General Electric, Syra- 
cuse, N.Y., No. 201.20, 1966, 
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FOR INDUCTIVE LOADS DUAL-OUTPUT MONITOR-—Can be used to 
Sensk riers drive lamps or relays responding to both 
high and low temperatures. Secondary of 
Tl is connected inside bridge (lower right). 
When bridge is balanced, its a-c output is 


zero and scr receives no gate signal, If 


LOAD #2 


Ac 
SUPPLY 


i" ae nnk LOAD # | bridge is unbalanced by raising or lowering 
~— $§————9-V/WV\-4- ambient temperature of thermistor T, a-¢ 
NOTES: (t) T1:6.3 FILAMENT L-p voltage will appear across gate-cathode of 


scr, in phase with a-c supply for load-T 
vl current and 180 deg out of phase for load-2 
SECONDARY current. Circuit responds to temperature 
changes of I to 2 C.—"SCR Manual,” 4th Edi- 
tion, General Electric, 1967, p 167-168. 


TRANSFORMER 
{2) T: GE 20052 THERMISTOR 


r- enies) REVERSIBLE 
FIELO f MOTOR 
ARMATURE 
SE 
20 V na Wx CRe--A408 


10-KW CLIMATE-CONTROLLED HEATER— 60 CPS 
When temperature drops below reference 
level determined by setting of 5K rheostat, 
left-hand 2N3417 transistor of differential 
input stage conducts more and turns on 
2N3251 to give faster pulsing of 2N489 ujt. 
As a result, triac is triggered more often 
through output transistor and transformer, 
to increase heater load current.—D, Cooper, Ol 
SCR‘s and Triacs—the Revolution Continues, +4 
Electronics World, Aug. 1968, p 25~28. 


"BALANCE™ 
+ 


‘A(SLOPE ) GAIN 


+ 
DEADBAND CONTROL VOLTAGE 
BALANCE 


THERMOSTAT 
EER 


GE 
SC5IDXxI 


“a 


GE76FO2FH22) 
3600 WATTS MAX, (| 


240V 60 HERTZ 


3,600-W IC HEATER CONTROL—Provides pro- by D13T2 programmable ujt and makes de- 
portional control over 2-deg band with cision whether to trigger triac at next line- 
repetition rate of 30 s and thermistor time voltage zero.—T. A. Penkalski, R. H. Tull, R. 
constant of 19 s. {C compares thermostat in- C. Cape, Optimum Solid State Control Param- Electric Heating Systems, General Electric, 
formation with reference sawtooth generated eters for Improved Performance of In-Space Syracuse, N.Y., No. 671.12, 1968, p 53. 


HEATER {$60 WATTS MIN. 


TEMPERATURE CONTROL CIRCUITS 


HEATER 
tT LOAD 
R& 


12OVRMS 
GOCRS 


INI692 


SCR3 
C308 


PRECISION 1.5-KW HEATER CONTROL—Will 
maintain loed. temperature within 7 F of set 
point. Thermistor should be about 1K at 
set point. Article describes circuit operation. 


—D. R. Grafham, Using low Current SCR’s, 
General Electric, Syracuse, N.Y., No. 200.19, 
1967, p 34. 
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Sort 
closyz 


ae 


TD! t= GE IN2930 OR RCA 40065 


SHADED-POLE BLOWER MOTOR CONTROL 
Arrangement shown is for heating applica 
tions requiring sophisticated ramp-and-ped- 
estal system having high control gain, for 
shaded-pole or psc motors, in response to 
thermistor. When used to control cooling 
coil temperature of air conditioner to prevent 
freeze-up, RS and R6 should be interchanged. 
Thermistor R6 should be somewhere between 
3,000 and 5,000 ohms at temperature desired. 
RS should be set to provide full-on control 
af desired upper temperature limit, and R3 
then set for full-off or zero-speed condition 
at desired lower-temperature limit of R6. 
Circuit includes r-f noise suppression.—“SCR 
Manual,” 4th Edition, General Electric, 1967, 
p 220-221, 


Nov 


COOLING FAN CONTROL—Ordinary series- 
connected a-c fan in simple speed-control cir- 
cuit holds temperature of condensed mercury 
in high-voltage thyratron within 0.5 C of 
constant temperature, Germanium diode D4, 


OI--O4 : GE AI48 Rt : 68002 2w 
05: GE Ala A R2 3 470KQ /2W 
DG: GE INI776 R3 :5 MEG I/2W 
Qt: GE 2N2646 R4 fF IKD V2W 
Ci & C2: O.lpt, 50V RS :10KO Ww 

R6 : SEE NOTE 


a 
2N3565 


glued to outside of tube in condensed mer- 


cury region, serves as sensor. Temperature- 
dependent reverse current of diode, regu- 
lated by t-meg pot, is amplified by Q1-Q2 
to vary firing angle of scr and change speed 


of fan.—Y. Alon and M. Jonas, Diode Con- 
trols Speed of Fan That Cools o Thyratron, 
Electronics, Jan. 6, 1969, p 95. 


830 


KD2100 
Y2 


Hy 


KD2103 =e 
KD2I03 


3 
10A <b 
270 Fics 
s 1000 
| KDZIOI nF 
Y 
ov, 4 KD2100 Rs 
60H 470 
-+-—_@ 
10.00 VOLTS PSC BLOWER 
MOTOR 
25K 
TEMPERATURE 
SIGNAL THERMISTOR 


BIAS 
SET 


TRANSISTOR SENSOR—Single transistor, with 
collector connected to case for fast response 
to thermal changes, provides high-level out- 
put with linearity of 1% from —40 to +125 
C.—J. M, Loe, Linear Temperature Sensor Uses 
Only a Single Transistor, Electronic Design, 
Feb. 15, 1970, p 86 and 88. 


FURNACE BLOWER CONTROi—Thermistor R3 
responds to changes in air temperature to 
control a-c power supplied to blower induc- 
tion motor, 


R3 


120V 
60Hz 


Cl c 
=p Olu 
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COFFEE WARMER--R1 is adjusted manually to 
give desired ratio of conducting to non- 
conducting time of load, over conduction 
range of 5 to 95%, with switching occurring 
only when input a-c voltage passes through 
zero point, Circuit is excellent for electric 
coffee pots, electric blankets, soldering irons, 
and other heater loads up to | kW. Does 
Not produce rfi—Silicon Controlled Rectifier 
Experimenter’s Manual,” RCA, Harrison, N.J., 
1967, p 130. 


R2 


RI TRIAC 
418 100 


200K GESC 


2 
¢ 


ie 


c3 
it mtd 
ab 


continuous air circulation and maintain lu- 
brication of motor bearings.~“SCR Manual,” 
4th Edition, General Electric, 1967, p 219~ 


R1_ and its phase control net- 220, 


work set minimum blower speed, to provide 


*Thermistor, Sk nominal. Mount in proximity of heated area. 


3-KW CONTROL WITH ZERO-POINT SWITCH- 
ING-Load switching is done only at zero 


point of a-c line voltage, to prevent elec- 
tromagnetic interference, 


Power is applied 


03 
1N4003 


Ww 
HEATING 
ELEMENT 


a3 
MCR2935-5 


to load in full cycles.—”Semiconductor Power 
Circuits Handbook,” Motorola, Phoenix, Ariz., 
1968, p 6-6. 
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Ra Ra 


Ri 
THERMISTOR 8 


5K @ Tg 
RF FILTER 


& dv/dt SUPPRESSOR COOLING 
AS NEEDED Losic HEATING 


600W 
HEATER 


1C BLOWER CONTROL—Uses PA436 phase- 
control JC with triac to drive psc blower or 
fan motor. Cooling application is shown. 
For room-heating fan, thermistor and RA are 
reversed as at right so increase in tempera- 
ture will reduce fan speed. Triac should 
match motor rating.—E. K. Howell, Applica- 
tions of the PA436 Monolithic Integrated 
Phase-Control Trigger Circuit, General Elec- 
tric, Syracuse, N.Y., No. 671.9, 1968, p 12. 


HALF-WAVE SCR 600-W HEATER CONTROL— 
Regulotes temperature within 0.2 C, using 
single ser in rectifier bridge.—"‘Silicon Power 
Circuits Manual,” RCA, Harrison, N.J., SP-51, 

TYPE 
p 254, 2N3228 


35002 AT OPERATING 
TEMPERATURE 


CRITHRY CR4~GE AIO 03 GE2N2646 13" TURNS RATIO 1162, 4KVA 9-56Ko 
CRS- GEZ4XL 22 SCAL, SCR2 - GE CBU or COSY Rie 22Ko RlO-47KO 
CRE- GE AISF SCR3, SCRS ~ GE CISSEor COSE R2-22ko Ati 2KG,fOWATT 
CRY CRO-GE ieLi423 TI-220V RMS PRMARY A318 Ko RI2-15 MEG A 
Cir iouie, 25 VOC GE SZ F204 12¥ RMS SECONDARY RA-1OKO MULTI-TURN TAM POT Ri3-1Ko 
MINIATURE TUBULAR WET SLUG CAP IOOMA RMS RATED RS 10K Ria, RIS -220 2W 
€2~0 22440, SOVOG SECONOARY CURRENT Re-22K0 Rig- 9KES% 14 WATTS 
210% GE TSF 3RS-2444 T2-PULSE TRANSFORMER I 14 RT-22Ka RU?- 330,20 
01,02 > GE2N2928 ALADOIN PART NO 30-2398 RB22Ko Fig-330,2W 


LI INCANDESCENT LaMP OF GE PLSBI (LAMP-PHOYOCELL) INTEGRAL HERMETICALLY SEALES UNIT 
PC~ CADMIUM SULFDE PHOTOCELL OF GE PL5BI /LAMP-PHOTOCELL) INTEGRAL HERMETICALLY SEALED UNIT 
ALL RESISTORS t (O%AND V2 WATT EXCEPT WHERE INDICATED 


3-KW  PHASE-CONTROLLED—Regulates = rms 
value of unfiltered phase-controfled voltage 


perature variations is achieved with differ- 
ential amplifier and ujt, ramp-and-pedestal 


in parallel with load, shining on photocell, phase-control, and ujt working with scr’s.— 
provides required long averaging time con- “SCR Manual,” 4th Edition, General Electric, 


acress heater or other resistive load. Lamp stant. Stability against voltage and tem- 1967, p 282—283. 
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HIGH-GAIN IC PROPORTIONAL CONTROL— 
Uses PA424 [C xero-voltuge switching trigger 
fed by thermistor in external circuit that pro- 
vides narrow, adjustable proportional band 
that makes heater power proportional to 
error of measured temperature from set 
point. SCS50B (friac) and 15-A heater load 
are connected between a-c lines 1 and 2, with 
triac gate going to terminal 4 (not shown) 
of IC. Gives precise and stable control of 
temperature, Article describes circuit opera- 
tion in detail,—E. K. Howell, Integrated Cir~ 
cuits for Sophisticated, Low Cost AC Power 
Control, General Electric, Syracuse, N.Y., No. 


671.9, 1968, p 23. 


+12V 
—— 


SUPPLY 
LINE 


(ANY POWER 
FACTOR) 


SOma 
RELAY COIL 


tf 


IC ZERO-VOLTAGE SWITCH—Can be used 
for temperature control, driving relay from 
8-V d-c source, For larger loads, transistor 
can be used to trigger triac. Integrated <ir- 
cuit here acts as combination threshold 
detector and trigger circuit, Applications in« 
clude photoelectric and heater contrel,—Iinte- 
grated Circuit Zero Voltage Switch PA424, 
General Electric, Syracuse, N.Y., No. 85.23, 
3/69. 


FAIL-SAFE THERMOMETER—Circuit delivers 
output pulse conventionally when temperar 
ture at PTC thermistor T reaches predeter+ 
mined critical value, and in addition gives 
output pulse if thermistor opens or shorts. 
In either case, output pulse shuts down asso~ 
ciated industrial control system, Circuit is 
capable of distinguishing between shorted 
thermistor and one having 30 ohms resjst- 
ance. IC operates as differential comparator, 
—G, J. Granieri, Fail-Safe Temperature Sensor, 
EEE, Sept. 1967, p 132-133. 


+14V 


190ma 


@14v 


AIR-CONDITIONER MONITOR~—Bottom famp is 
on at low temperatures, and top lamp when 


temperature rises above set point. Cost of 
all parts required is under $1.—R. M. Muth, 
Digital Circuits with Visual Readouts, General 
Electric, Syracuse, N.Y., No. 671.3, 1966, p 9. 


TEMPERATURE 
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Rs 
680 ,.2W 
TV R 
6 
100, 1/4W 027 
iW 


AIR caer 


eee 


INCR 
EXHAUST TEMP 
12V,1W 


KEYSTONE CARBON IN4746 
TYPE € Cc 
1+ 
ba itt es O2uF 
‘5A FUSE! tov 
1 OR | 
[OKT BKR I 


AIR TEMPERATURE AND VELOCITY—Used to 
sense overheating of power supply. If am- 
bient temperature exceeds predetermined 
limit for combination of exhaust air or if 
forced air cooling supply fails, scr fires and 
blows fuse or opens circuit breaker.—H. 
Green, Thermistor Circuit Senses Air Tempera- 
ture and Velocity, EEE, March 1969, p 124 
and 126. 


MOTOROLA 
MCR 2918-2 
a 


AC LINE mee : 
Ete 


ADJUSTABLE DEAD ZONE—Uses IC differen- 
tial amplifier in bridge with two transistors 
for on-off temperature control having excel- 
lent stability at set value. Voltage gain of 
IC should be above 20,000, and output im- 
pedance about IK. Stability can be im- 
proved still more by using platinum resist- 
ance thermometer in place of temperature- 
sensitive resistor RT. Rd sets dead zone.— 
L, R. Long, Adjustable Dead Zone Improves 


Temperature-Controller Stability, Electronic 
Design, July 6, 1964, p 52. 
+15v +15 


12 
TEMPERATURE 
SENSOR 
13 3 
Ra 
~1Syv 
316k Rs 
499 
=o -15v 0 +15v 
4.7k 
Ry 
-15y 
49 k tk 
2.4 Re 
10 
Rs 
165 (k) 
SUBSTRATE TEMPERATURE CONTROL—Q] 


HEAT} GENERATOR 


OUTPUT C) y 
CONTACTS 


q 


MATCHED TRANSISTOR 


40 7 


9 1 6) 8} cA 3045 
Q4 Qs 
| PAIR | 


+15v 
4.7k 
5.1k SAk 
) 2NTOS 
CP) 
aqpt AK, QNq7i1 
ik 


dj 


serves as temperature sensor and Q2-Q3 as 
heater for holding Q4-Q5 at desired ambient 


temperature to hold input offset voltage of 
matched pair below 5 mV over 300-MHz 
bandwidth—D. P, DeAngelis and M, Pa- 


lumbo, Regulator Holds Temperature of Chip’s 
Substrate Constant, Electronics, Feb, 2, 1970, 
p 100. 
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10K 
CRI 
RI 100 K 
240V R2 
RMS TeMe €3 L 10K 
80 cps ‘ eee 1 — 
cl 
. RESISTIVE 15288 
LOAD 
24 KW 
MAX, 
CRI ~ G.E. AISB = Al48 RB - 820, 10% TO SLAVE 
CR2- GE, Z4XL12 R9 = 680, 10% DRIVE CKT mn 
CRS - GLE. 1N4009 R10 ~ 10K, 10% 
C4 - GE, 1N4009 RM = 1K Diode 
CRS ~G.E. 141.1423 ZENER R12 - 3K, TOW — 
CRO ANSE ALES Bh eee IW, INDUSTRIAL  THERMOMETER—Temperature- 
EAE a - ae ate be sensing silicon junction diode, driven by 
Sey ia 1N5288 current-limiting diode giving true 


CRO > AISF ~ ALAF 
Rl = 10K, 2W 

R2 ~ 330, 10% 

R3- 47K 

R4 = 50K POT. 

RS = 1K, 10% 
R= 3.3K, 10% 
R7 ~ 1.5K, 10% 


HIGH-PRECISION FULL-WAVE 
TIONAL—Provides 


SCR - G.E. C30X280 


T ~ GLASS COATED BEAD, 100K AT SENSING TEMP. 
G.E. TYPE 81810401 = 100K AT 25°C 


rero-voltage 
May be used to slave-drive additional triac- 


C2 0.82 UF, 20%, 400 VOC 

C3 - 0.47 UF, 20%, 400 VOC 

Ql - G2 - G.E. 2N3990 - MAY SUBSTITUTE 2N3391 

Q3 = 400 VOLT, 10 AMP TRIAC - G.E. $C45D ~ 10 AMP 


G.E. SC40D = 6 AMP 


constant-current operation, drives panel meter 
through OEl 
diode should be on probe using shielded 
cable. 
1,5 to —2 mV per deg C, which remains 
constant over wide range of temperatures. 


Model 9125 opamp. Sensing 


Temperature coefficient of diode is 


Can be calibrated in water-ice slurry and in 


SEMIPROPOR- 
switching, 


load combinations each having all compo~ 


nents at right of RII. 


if only one triac is being driven. 


CRY may be omitted 


Differential 


is 0.1 F above and below set temperature. 


Article gives changes 


required for 


120-V 


operation, at which differential is better than 
twice as good.—J. L. Brookmire, Temperature 
Controls Incorporating Zero Voltage Switch- 


ing, General Electric, 


200.45, 1966, p 6. 


Syracuse, 


N.Y., No, 


boiling water.—Two Electronic Thermometers 
for Medical/Industrial Use, Optical Electronics, 
Tucson, Ariz, No. 10075. 


208 TO 240 VOLTS 


Ryy Royy Ryg ~ 1K ohm Ry R 
Rk, va 28 4.7K ohm Re RI 
Ry = 2.5K ohm ni 
Re = 100K ohm nt 
RE = 50K ohm nie 
Rg 1.5K ohm nl? 5, 
Ro Rag ~ 15K ohm Reo) 2 
Ry ~ 3.3K ohm rt 
H + 8K ohm 
nt? SaraK om —T 
BLOWER CONTROL—~Provides proportional 


‘motor speed control with rfi suppression cir- 
cuit. Blower speed is increased for tempera- 


= 99K ohm C  ~ GE 4aF9723AA9 250 pid 26V Q 
2.2K ohm C) + GE 7SFIRSAGT2 , 0047 pfd SOV z 
~ 680 chm ©, ~ GE AAIAAIOIA .1pid 100V T, 
~ 10K ohm. Cy + GE TSF7R4-224 .22utd 400V 
= 220K ohm Cy - GE 7SFAR4-479 . 047 pd 400V T. 
= 8.9K ohm DPD, thruD, - GE ALF i 
+ AR ohm Q, 7 GE D2gA4 u 
= 320 ohm Q > GE anes + 
+ GE 2Ri4 Q, thrug, - GE 2Naa94 

a - ct biosy 


8 
tore deviations either above or below set 
point, because central control determines in~ 
dependently whether heater or cooling com~ 


VENTILATING 
MOTOR 


- GE sc4on 
+ GE Z4xLi2 
> Thordarson 29123 


220 PRI 
24V CT SEC 
28 WATT 

+ 10D pH 


pressor is operating.—T. A. Penkalski, Better 
Room Conditioning via Solid State Contrels, 
General Electric, Syracuse, N.Y., No, 200.51, 
1967, p 10. 
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S200 ASSEMBLY 


IC ZERO-VOLTAGE SWITCH~Gives on-off con- 
trol of heater foad with only 0.2 F differential 
when used with solid-state thermostat con~ 
sisting of thermistor RT and set-point poten 
tiometer in series, Triac Q turns off at end 
of each half-cycle and removes power from 
heater, to provide zero-voltage switching of 
heater. With appropriate triac rating, IC can 
control heater loads from 500 to 4,150 W on 
supply voltages up to 277 V a-c.—T. A. Pen- 
kalski, Better Room Conditioning via Solid 
State Controls, General Electric, Syracuse, 
N.Y, No. 200.51, 1967, p 4. 


RESISTANCE 
HEATER 
Load 


UU 


Nov 


| 


12 Kwe HEATER 


FULL-WAVE 1.2-KW ZERO-SWITCHING—Uses 
anticipation-type contro! with two thermistors 
as sensors, Book describes operation in 
detail.—“Silicon Power Circuits Manual,’ 


TYPE 
2N3228 


E 
2N3228 RCA, Harrison, N.J., SP-51, p 255. 
SCRp 
TYPE 
AC IN3I93 
Oo—+ —+~ 4 + — 
50002 AT OPERATING 5002 AT OPERATING 


TEMPERATURE TEMPERATURE 


MRI RELAY OR 
OTHER 6 VOLT LOAD 


120 WAC aoe | 
CR2 


CRI 


RECEPTACLE ® lwiase 
TEMPERATURE-OPERATED RELAY—Thermistor ¢ 
in bridge energizes relay through transistor wi 
and scr when heat is called for, Accuracy 
is within 1 deg in ¢ ~ 
in leg in temperature range of 20- ha @ Scr 


150 F, For illumination control, cadmium NC CISFX321 
CONTACT 


sulfide photocell is used in place of thermistor 

ace (16 ANOTHER 
Ri.—Precision Temperature Control, General RELAY IS 
Electric, Auburn, N.Y., No. 630.15, THE SLOAD) 


TEMPERATURE 
ADJUST 


836 


1000 


Rs 
10 


15 
CORRECTING THERMISTOR LINEARITY—Com- 
bining opamp and xener with thermistor 
boosts output voltage 150 times without ex- 
ceeding submilliwatt rating of thermistor, and 
makes output voltage true linear function of 
temperature over range of —20 C to 70 C if 


MERCURY THERMOSTAT/SCR CONTROL—Ser 
serves as current amplifier for sensitive mer- 
cury-in-glass thermostat and as main load 
switching element. Can sense changes as 
small as 0.1 C. With thermostat open, ser 
triggers on each half-cycle and delivers 
power to heater. With thermostat closed, 
ser can no longer trigger and heater gets no 
power. Maximum current through mercury 
of thermostat is below 250 nA rms.—“SCR 
Manual,” 4th Edition, General Electric, 1967, 
p 168. 


+15y 


-(Sy 


R’ is made equal to thermistor resistance at 
center of desired temperature range. R3 is 
adjusted so Vo is —0.067 V.—J, M. Nemchik 
and R. J. Fritsch, Circuit Improves Thermistor’s 
Linearity and Boosts Output, Electronics, June 
9, 1969, p 99-100. 


100 WATT HEATER LOAD 


LS TWIST LEADS TO MINIMIZE 
“GY PICKUP 
YY, HG IN GLASS THERMOSTAT 


{SUCH AS VAP AIR DIV. 206-44 
SERIES; PRINCO# TI4I, OR 


120 VAC 
60 CPS 


GE IN538 
cRi — CRS 
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CRI - GE. Z4XL4.2 ZENER DIODE 

RI - 6.8K, ZW, 10% 

C1 0.22 UF, 10%, 200 VOC 
€2-0.33 UF, 10%, 10 VOC 

R2- 4.7K, 

{RB - R4) ~ TOTAL RESISTANCE * 1.25K 
SCR] - G.E. C1048 OR G.E. C48 

R5 ~ 100 OHMS 

SCR2-G.E. C208 


T - 100 OHM THERMISTOR AT SENSING TEMPERATURE . 
CAN BE GLASS COATED BEAD OR HIGHER DISSIPATION 
TYPES. MAY USE G.E. TYPE 30054 (100 OHMS:a25°C) 


HALF-WAVE CONTROL—Uses pulse and ped~ 
estal zero-voltage switching. Voltage is ap« 
plied to load for all of each negative half- 
cycle, while positive half-cycles are switched 
on and off in semiproportional manner as 
called for by thermistor T, Sensing differ- 
ential is 0.25 F above and below set point. 
Zero-voltage switching action eliminates need 
for rfi filtering.—J. L. Brookmire, Temperature 
Controls Incorporating Zero Voltage Switch- 
ing, General Electric, Syracuse, N.Y., No. 
200.45, 1966, p 4. 


EQUIVALENT} 
HEATER 
AW 
5K 
NEON-TRIGGERED SCR—High-resistance ther 
mistor determines amount of power delivered 
Ti~40A2 to heater. Desired temperature is set with 
100K pot.—E. Bauman, “Applications of Neon 
lamps and Gas Discharge Tubes,” Signalite, 
THERMISTOR Neptune, N.J., p 124. 
relay 3522 247 68870 
2400 12V 310/A1 
ee T 
50n 100n 
3.9kN / | (yew) | (yw) 
LJ('/3W) 
BZY88-C6V2 “YZ 
Eves C6V2 S} |BZy95 
BuouF A ]askn C12 = 
+ | 146V) + + me 
os i] 1Sv 
— >= ~ 
640uF | 400pF 
100k 6 (16V) (25¥) BY164 O 
miniature, ot 
lOnF 
BC107 
5600 bare 
ew} — | fe) 
—— —+—. + ~- orem a Gm 


100-300 C PRECISION ON-OFF CONTROI— 
Although electrical precision with thermistor 
sensor and FCL101 IC level detector is better 


than 0.5 deg C, actual overall precision de- 
pends on thermal time constant of object 
being heated, and is generally about 2 deg 


C for range covered.—Triacs—-Operation and 
Use, Philips, Pub. Dept., Elcoma Div., Eind« 
hoven, The Netherlands, No. 17, 1969. 
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COOLING 
150 wart { HEATER LOAD 


PHOTODEVELOPER HEATER CONTROL—Ujt-ser 
‘cirevit varies power steplessly to 150-W 
heater in response to thermistor in liquid 
bath.—D. R. Grafham, Precision Temperature 
Controller, General Electric, Syracuse, N.Y., 
No. 201.9, 1965. 


% REVERSE THERMISTOR AND RI FOR COOLING LOAD 


24V + + 
220V 3 si SS — 
3 os 100pF! 100pF 


BY179 (40VI{ (40V] 


5 BZY88 
DY eae ceva 
ion! | 10uF t? 
(Yew | (Ov) 
nee es | 


2322 680 90006 


relay 3522 247 68870 
12v 310/al 


ON-OFF TRIAC TRIGGERING CONTROL—Suit- FCL101 level detector and transistor.—Triats— 
able for range of 30 to 45 deg C. Uses Operation and Use, Philips, Pub. Dept. El- 
thermistor with positive temperature coeffi- coma Div., Eindhoven, The Netherlands, No. 
cient of resistance, to actuate relay through 17, 1969, 


NOTE: To locate additional circuits in the category of this chapter, use the index at the back 
of this book. Check also the author's “Sourcebook of Electronic Circuits,” published by 


McGraw-Hill in 1968. 


CHAPTER 88 
Test Circuits 


6-V VERSION OF CONTINUITY TESTER—Pro- 
{| duces tone in earphone when continuity ex 

ists between points in circuit to which test 
leads are touched. Reversing test leads will 
tell whether path contains electrolytic, be- 
cause for one polarity tone will die away 
in few seconds; for resistive path, tone is 
same loudness for both polarities. Tone 
changes with resistance of measured path, 
giving rough indication of amount of resist- 


Tl 


al ance; measuring assortment of known re- 

PG 4-5 sistance values will show how tone changes. 

uy 63 cri ae cRe SINGLE Parts values are not critical: Cl and C3 25 

VOLTS —— ty EARPHONE =F; C2 0.005 iF; CRI-CR2 IN34AS; RI 150; 

R2 470K; R3 250K; T1 6.3 V 0.3 A filament 

transformer; T2 any audio interstage trans- 

former; V1 almost any twin-triode such as 

12AX7, 12AT7, or 12AU7.—“Hobby Man- 

ual,” General Electric, Owensboro, Ky., 1965, 
p 175. 


° TEST LEADS 


Rg 49.9k Cy T2110 “9 


VOLTMETER 


! 
Sec N CHANNEL wi I 


C3 
100 


~ 


Yop 


Ves * PRECISION 
RESISTORS 


at gate of fet permits use of different types 
of a-c voltmeters, including digital voltmeters, 
for reading transconductance values, Arti- 
cle gives design equations and detailed cali- 
bration and test procedures.—C, D. Todd, 


FET TESTER—Measures broad range of trans- bias conditions, Automatically compensates Taking the Measure of FET Transconductance, 
conductance values, even under abnormal for most sources of errors, Range switch Electronics, April 3, 1967, p 88—92. 
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SCR-TRANSISTOR TESTER—Simple circuit turns 
on Jower DEVICE S/C Jamp to indicate that 
solid-state device under test is short-circuited. 
Good device turns on only upper lamp. 
Other fault conditions turn both lamps on 
or leave both off. Practically any junction 
diodes can be used in test circuit. Not rec 


12.6V CT. 


ommended for devices having fess than 12 
¥ collector-base voltage, peak collector cur- 
rent less than 100 mA, or dissipation below 
50 mW.—D, Wadsworth, Go/No-Go Tester 
Checks SCRs, NPN and PNP Transistors, Elec- 
tronic Design, June 6, 1968, p 112. 


—€ 8 
pnp 
340k 
2 exes oe) S) 60H: 
OF = eae 7 Oe ragv 
TRANBIET OE e9en. 
‘SIGNAL 1050 


BETA®@ 


DYNAMIC@*—o ow lexo 
FUNCTION SELECTOR 


* iceo 


VARIABLE CAPACITORS: 7-100pf 


3T NO.16 
1/4" 1.0, 


1-f IN 


3T NO.A6 
V4°LD. 


FEEO-THRU 
CAPACITOR 
1.0nf 


frequency, using sine-wave r-f input. Once 
limit of transistor is determined, it can be 
operated at much higher frequencies, lower- 


TRANSISTOR R-F BREAKDOWN TEST~Meas- 
vres r-F breakdown voltage while transistor 
is operated above its specified alpha-cutoff 


G.3V,40mA 


DEVICE ON 


c c 8 E 
npn 

A G c 
SCR 


TRANSISTOR ANALYZER—Checks both power 
and signal transistors without removal from 
circuits. Identifies npn or pnp, as well as 
lead connections, Reads d-c gain directly, 
Measures collector-emitter and collector-base 
leakage currents,—Seco Model 260 Transistor 
Analyzer, Electronics World, Oct. 1967, p 
76-77. 


OC BIAS INPUT 


ing cost of e-f amplifier circuitry, Article 
gives design equations for utilizing this r-f 
breakdown phenomenon, and presents block 
diagram for automatic go-no-go production 
setup for making r-f breakdwn test in 30 ms 
per transistor.—P. Schiff, R-F Breakdown 
Phenomenon Improves the Voltage Capability 
of a Transistor, Electronics, June 12, 1967, 
p 97~101. 


840 


2-HZ CHECKOUT—Extra transistor Q2 in low- 
speed oscillator permits checking of digital 
circuits at 2 Hz, slow enough so operator can 


MC1530/31 
MC1430/31 
0.10.1 


tT 


+6V -6V 


ugn 4 
TO-100 19 


ope g 
TO-86 44 


0. 001 Lo 
° 


+15V < 

HI 
OPAMP TESTER SOCKETS—Provides nine dif- 
ferent sockets for testing commonest types of 


ELECTRONIC CIRCUITS 


ALL TRANSISTORS 
TYPE 2N3646 


+5y 


watch logic operate visual indicator, with 
no risk of false output because of contact 


bounce in switch or because oscillator is 


MC1533 
MC1433 


0.1 Q1 


+15V: ~15V 


2k 
0.001 
© GAIN 
iC opamps during incoming inspection. Re- 
quires power supply and drive circuit. 


~15V 


MANUAL 


Rs 
1k 
Dy 
1N4154 


OUTPUT 


switched off in middle of cycle, Q1 keeps 
oscillator running until cycle is ended,—P. T. 
Rux, Oscillator Waits for Switch to Quiet 
Down, Electronics, Nov. 13, 1967, p 103. 


MC1709 
MC1709C 
01 01 


A 


+15V 


FROM 
DRIVE 
CIRCUIT 
iT 
PLASTIC 9 10 
4 12, 3pF 
3 TO SCOPE 
VERTICAL 


1.5 
NOTE: ALL CAPACITOR VALUES 
IN uF UNLESS NOTED 


100pF 


Switch at lower left changes input pins.—B. 
Botos, An Operational Amplifier Tester, Moto~ 
rola, Phoenix, Ariz., No. AN-400, 1967. 


CONTINUITY TESTER—Gives reliable indica- 
tion of continuity down to 0.1 ohm on go/ 
no-go lamp or by tone in earphone, with no 
risk of damage to sensitive transistors and 
integrated circuits, R8 should be about 0.1 
ohm less than maximum value for which con+ 
tinuity indication is desired. Use RX2 ter- 
minals for checking down to 0.1 ohm.—C, D, 
Todd, A Sub-Ohm Continuity Tester, Elec- 
tronics World, Feb. 1969, p 78-80, 


+15 VDC 


1N4001 


1N753 2N3904 


TEST 


CIRCUITS 
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2N3566 
Qt 


+ 


BI 
av 


2N2714 
Q3 


CRYSTAL 
EARPHONE 


Do} 
IN452 


latinas 
| PARTITION 
OPAMP TESTER—Includes drive circuit shown, 
providing horizontal sweep drive for stand- 
ard X-Y scope, feed to input terminals of 
all nine opamp test sockets, and 60-Hz volt- 
age at point A, obtained from secondary of 
power supply transformer, Developed as 
simple and inexpensive tester for use by cus- 
tomers in checking shipments of opamps. 
1% Cro display shows transfer function of 
opamp.—B. Botos, An Operational Amplifier 
Tester, Motorola, Phoenix, Ariz., No. AN-400, 
1967. 


TO SCOPE 
HORZ, 


TO DEVICE 


512 + 1% ELS 


sw sees +15 VDC 
3/8 AMP i 7 
mall +6 VDC 
cen ~6 VDC 
D 
F-40X L.—. — 4 = @ marenen inaras's 


OPAMP TESTER POWER SUPPLY—Uses con- 
ventional shunt zener regulator, with pilot 
lamp bridged across filter capacitors as on+ 


MOTOROLA 
MDA 920A -2 
off indicator and as bleeder for capacitor 
charge after power is turned off.—B. Botos, 


-15 VDC 
Q) MATCHED 1N753's 


An Operational Amplifier Tester, Motorola, 
Phoenix, Ariz., No. AN-400, 1967. 
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ELECTRONIC CIRCUITS 


MANUAL 


ae TRANSISTOR LEAKAGE—Basic circuit measures CALIB. tl 
0-50 pA reverse-biased collector-to-base current. R4 ; ba 
+ limits meter current to 100 yA if transistor OPER 
mad under test is shorted. Used in battery- GENERATOR 

powered tester that checks gain, leakage, 
: and breakdown voltage of small-signal and 
eee power transistors. Also checks diodes.—M. 
0-2mALEAK- J. Moss, Versatile Transistor Tester, Electronics 


AGE TEST ONLY 


World, Aug. 1967, p 56—58. 


POWER TRANSISTOR GAIN—Basic test circuit 
for measuring beta or gain, using higher col- 
lector current than for checking small-signal 


transistors so higher leakage currents of 


CONNECTOR 
CONTACT 


CONTACT-CHATTER TESTER—Immunity of scr 
to noise excitation makes it far superior to 
conventional thyratron in discontinuity tester 
used for monitoring circuit interruptions in 
10-43 range. Once ser conducts and turns 
on indicator lamp, $2 must be opened mo- 
mentarily to reset circuit—J. A. Ray, Dis- 
continuity Tester is Insensitive to Noise, “400 


power transistors do not mask true measure- Ideas for Design Selected from Electronic 
ment. Collector current is set at 50 mA, Design,” Hayden Book Co., N.Y., 1964, p 
corresponding to beta of 100.—M, J. Moss, 152, 
Versatile Transistor Tester, Electronics World, 
Aug. 1967, p 56-58. 
RIA (MEG 
RIB 200K TOHORIZ 
Sic, c9 Netter 
ABIC 100K 2N3767 a “ 
38 
R3ID 20K ASE ° 
CURRENT E 
ELECTOR cb 0 3° 
R3IE toK Ba at 
R3IF 18k BASE DIAGRAM 
UNIJUNCTION 
TRANSISTOR 
SIA 
C) D4 (Meg | 470 
TPS 
RS 470K 
al ah 
05 &) p-n-p OFF nep-n 
angel Zi100 SI TERMINALS CODE 
ins ie 
Ame zoo 
R3ZA 
6.8K R37 + ‘ tev 10K _ 
9 
ct ne H-F LEVEL RIS aNea fy MPS apot e 
D1 Coal MPS 834 a4 R30 R328 
IN34a a) oF sea 1K to STL EL 2 R32C 
BIOK KS 
S4 ange ae LPS Lae Enns i 
Re TRE B 
R34 tooK BI OK 2 
LF fy © meen fo vedr 
ADJ. Ney STAIRCASE d ely INPUT OF 
SYMMETRY = $siG cio. SCOPE 
=] ol 
200 | = fs) 
© 
Re SIE, HJ 
° SCOPE 
TPI ; (A aryx fy i GND 
fe 22K IN) kh cit 
eg Ll Wy, pee NEGATIVE COMMON ee 
cEVEL MPS 2894 , RETURN a eanino 44, and 50 V. Note that negative common 
sok ou a ett CHASSIS. return is not grounded to chassis; this peritits 
= > switching chassis ground for testing either 
TRANSISTOR CURVE TRACER—Generates fam- design problems. Parts cost is less than pnp or npn transistors.~M. Chan, Transistof 


Curve Tracer, Electronics World, Jan, 1968, 
p 55-58, 60, and 66. 


$50. Construction details are given, Re- 
quires regulated power supply providing 12, 


ily of characteristic curves for display on 
scope, as aid to solution of transistor circuit 


33K 


aK 


16K 


R25 


toK 


FET ® O 


AUTOMATIC OPAMP TESTER—Simple, versa~ 
tile interface fixture circuit shown permits 
checking of opamps and other linear cir- 
cuits with automatic testers designed pri- 
marily for digital IC’s, Opamp is con. 
nected through pins E and F, and receives 
power from pins M and N, while K and L 


p-n-p 


iN4385 


TEST CIRCUITS 


Resistor values must be 


are output fines. 
adjusted for opamp under test; those shown 
are for Amelco 809. Article gives setup 
and measurement procedures,—R. Mcintyre, 
Adapter Lets Digital IC Tester Check on 
Operational Amplifiers, Electronics, July 21, 
1969, p 94~96. 


sl 
MANUAL OR 
MOTOR DRIVEN 
1 


TRANSISTOR 
CURRENT 
STEP SIZE 
(mA) 


Riz 100 K 
RI 200 K 


os 
02 01 


RIS 1MEG 


ELL NTs 


1OK 


Sst 


CURVE FAMILY GENERATOR—Used with cro 
to display entire families of characteristic 
curves for junction or field-effect transistors 
on cro. Article gives construction details. 
For generating five curves and base line, 


NIV AL, 
Q 


843 


3.3K 


100K 


) 
Ook AOTS 


CAPACITOR LEAKAGE—Blinking neon lamp 
with $1 closed indicates capacitor connected 
to test jacks is leaking.—E. Bauman, “Appli- 
cations of Neon Lamps and Gas Discharge 
Tubes,” Signalite, Neptune, N.J., p 150. 


SMALL-SIGNAL TRANSISTOR CURRENT GAIN—~ 
Basic circuit for measuring current gain of 
pnp transistor uses base current of about 
20 4A. Used in battery-powered tester that 
checks gain, leakage, and breakdown volt« 
age of small-signal and power transistors. 
Also checks diodes.—M. J. Moss, Versatile 
Transistor Tester, Electronics World, Aug. 
1967, p 56-58. 


FET'S OR TRANSISTORS. 
UNDER TEST 


Ye, 
0 6 Oo 
HORIZ. GND VERT, 


(ig) 


2 IN4383 


0090009 


1N4383 
stepper swifch ST} can be driven at about 
300 rpm, if al! curves are to appear simul- 
taneously.—-H. L. Moore, Transistor Curve 
Tracer, Electronics World, March 1968, p 53—- 
56 and 84, 
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STAGE n STAGE n+1 +24V 


WF 


$002 


10 VOLT INPUT 
PULSE ONLY IF 


(-kHz 
SIGNAL 


SOURCE TEST 1S PASSED 
al Yin ° 
i o\ e 
= STEPPING RELAY 
YOuT ae 
cle INDICATORS FOR SEQUENCE TESTER—Scr and 
VEE = lamp for each position of stepper relay pro~ 
~6V vide visual indication of passed tests and 
SINGLE-ENDED COMMON-MODE GAIN = Ovgyt/Oviy indicate position of stepper. All lamps are 
IC R-F AMPLIFIER TESTER—Determines single- reset by opening 24-V supply for few sec- 


onds, Lamp is ON at stepper position, but 
stays ON only if passed-test pulse arrives 
and turns on scr before stepper moves td 
next position.—E. Pacia, Visual Readout for 


ended common-mode gain of IC r-f ampli- 
fier at 1 kHz. With variable-frequency sig- 
nal source, test can be made over entire 
useful frequency range,—“Linear Integrated 


Circuits,” RCA, Harrison, N.J., 1C-41, p 200. Tester Uses Silicon-Controlled Switch, “400 
Ideas for Design Selected from Electronic 
Design,” Hayden Book Co., N.Y., 1964, p 
146-147, 


+12y 


+ INPUT 


SOLID 
STATE 
SWITCH 


SOLID 
STATE 
SWITCH 


26 VOLT 
FLOATING 
SUPPLY 


To 
DIGITIZER 


~ {INPUT 


CAPACITOR CHECKER—Used for measuring 
capacitance values even when capacitor is 
shunted by resistors. Unknown capacitor 
and inductors form tank circuit that gener- 
ates damped sinusoidal whose frequency is 
inversely proportional to capacitance. Wave 
is amplified by differential amplifier Q1-Q2 
and squared by IC differential comparator ing of C3 for first quarter-cycle to give volt- Ristad, Resonance Effects Yield  In-Citcuit 
whose output turns on solid-state switch for age proportional to pulse width and to ca Capacitance Checks, Electronics, Oct. 14, 
duration of first pulse. This initiates charg- pacitance, for reading with digitizer.—C, H. 1968, p 119-120, 


26 VOLT 
FLOATING 
SUPPLY 
ot 


TEST CIRCUITS 


ZENER TESTER—Permits quick check of zener 
voltage and current characteristics of un- 
marked zener diodes. Can also be used to 
check forward voltage drop across diodes. 
Adjust variable resistors until desired values 
of current (0.2, 1, 5, and 20 mA) flow 
through milliammeter. Use heat sink with 
transistor.—G. V, Pallottino, Simple Zener~ 
Diode Tester Uses Single Transistor, Electronic 
Design, Oct. 25, 1967, p 140. 


845 


Q-20mA 


TO DEVICE 
UNDER TEST 


U7 
pea 


AURAL CONTINUITY TESTER—Continuity is in- 
dicated by tone in earphone, eliminating 
need for watching meter. Sends only very 
small current through circuit under test, 
minimizing damage to components under 
test. None of parts are critical; V1 can be 
almost any twin-triode having 12.6-V fifa- 
ment, such as 12AX7, 12 AT7, or 12AU7, 
T2 is any interstage audio transformer. 
Values are: C1 25 wF; C2 0.005 ywF; CRI 


IN34AS; R1 150; R2 470K; R3 250K. R3 
adjusts tone; if not heard, reverse connec« 
tions to one winding of T2,—”Hobby Manual,” 
General Electric, Owensboro, Ky., Second 
Edition, 1965, p 174. 
OTEST LEADS 0 
+6y een 
SW 2A SW I6A l 
VOLTAGE POLES = a coo 
f te 
CURRENT 
POLES a Re mA 
A/O CURRENT erry ae 16 ie 
CONVERTER SOURCE wee PINS 
~L0,01 - 
it CURRENT swe f swige 
be ve { ay 
VOLTAGE POLES L u 
ees es 
CUP CORES 2N708 ~~ 
FERROXCUBE, {P 
WO7PLOO-4C4 @ GR)IN3595 
{ CURRENT 
] POLE 
@inas9s 
H pa 
| a 
I 
! VOLTAGE 
ee et POLE 
cen POWER oT GROUND SHIELD, ONE OUNCE COPPER 
‘= = GROUNI i , 
+6v 0 -6y GROUND: 0.0014 in. THICK gel 


FOUR-WIRE RESISTANCE CHECKER—Used in 
comppterrcontrolled component testing in 
which voltage or current drive is applied to 


component under test and appropriate meter switch 


is connected, 
current and voltage switches in about 2 us, 
Transformer 
control 


resistance measure- 
Switched Oscillator 


14-MHz Hartley Q2 turns on 


four-wire 
H. Ristad, 
Controls Four-Wire Resistance Checks, Flec- 
tronics, July 6, 1970, p 78. 


grounds for 

ments.—C, 

befween 
circuit 


provides isolation 
and measurement 
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Eg ISOVDC 


ELECTRONIC 


NEON CABLE TESTER--Simple and economical 
tester for one or more wires uses neon lamps 
with different firing potentials. NO-GO 
lamp glows only when cable under test is 
open.-E, Bauman, “Applications of Neon 
Lamps and Gas Discharge Tubes,” Signalite, 
Neptune, N.J., p 142, 


502 CABLE 


CIRCUITS MANUAL 


502 CABLE 
TO FREQUENCY 


12.5 NSEC 


-1,08V 


TRANSISTOR CHIP TESTER—Variation of cir- 
culating loop test is used to check switching 
speed of transistor chips before committing 
them to ASLT module for IBM 360/91 com- 
puter, Transistor drives itself on and off 
at rate determined by sum of its turn-on 
and turn-off delays and electrical length of 


D3 
N 
Dy Dp Ry {N4732 
IN645 {N645 680 
0 
15k Cy 
—1{5y a 
{Smsec —30y = 
LAMP SHOWS NARROW PULSES—Uses fet, ms, Lamp system is equally as effective for 


gated into conduction while 15-ms pulse at 
test point in radar receiver is slowly dis- 
charged, to hold indicator lamp on for 180 


troubleshooting pulse circuits as more ex 
pensive oscilloscope systems. Can also be 
used for testing color tv and f-m multiplex 


TRANSISTOR TESTER—Measures collector cur- 
rent of transistor under test, using 1-mA 
meter with suitable shunts. Switch permits 
measurement of  collector-emitter reverse 
leakage current while base current of tran- 
sistor is xero. Switch SA gives choice of 


+30y 


COUNTER 


OUTPUT 


cable in ns, according to equation given in 
article, Frequency counter is used to count 
number of switching operations and thereby 
determine switching speed.—R. F. Sechler, A. 
R. Strube, and J, R. Turnbull, ASLT Circuit 
Design, IBM Journal, Jan. 1967, p 74~85. 


—30y 


circuits.-W, A, Magee, Stretching Video 
Pulse Keeps Indicator On, Electronies, March 
4, 1968, p 90, 


“7 +4 BV 

+ ~ 2 
SE 

Ri2 $Ri3 gRi4 CRIB RIG 

56 18 2705 10 10 

oO a on n a 

63 
4 
Cc 
| — ante 5 
Sp f 
Riz Ris 
i i 100 a2 
a Q ka 
Transistor 
under tes: eo oF 
ts es “pista fepen SA Switch positions 
SB2 Position Base current Position Meter fed, 

p-n-p 1 te) t Ima 
five ranges for measuring static forward cur- is doin < aR 
rent transfer ratio.—‘Transistor Audio and 4 1O0UA 4 30mA 
Radio Circuits,“ Mullard Ltd., London, 1969, e 300HA 5 1oomA 


p 180. 


TEST CIRCUITS aie 


~22.5V 


GO-NO-GO FET TESTER—Produces audible 
tone when good fet is properly inserted in 
test terminals at left. Fet under test serves 
as half of low-frequency mvbr, with lower 
fet of tester as other half. Upper fet serves 
as buffer for complementary-transistor out- 
put stage. May be used on fet production 
fine to verify connections and operation be- 
fore final encapsulation,-C, R. Perkins, “Ap- 
plication of MOSFET Devices to Electronic 
Circuits,” Hughes, Newport Beach, Cal., 1968, 
p 2, 


REGULATOR TESTER—-Measures dynamic out+ 
put impedance of regulated power supply, 
using high-gain feedback amplifier that ac- 
curately sets a-¢ load current at frequen- 


PHASE-SHIFT NETWORK TESTER—Simple am- 
plifier serves for evaluation of distributed- 
parameter networks for if tuned amplifiers. 
—l. F. Barditch, Adapting Conventional VHF 
Equipment to Molecular Electronics, Electronic 
Design, Feb. 17, 1964, p 44~51. 


—9 to —30V 


120VAC 
50-60cps 


3 
001 pf 


C2. 
0014 


400 


2N2222 


s SOURCE 
B pan SUBSTRATE 


Lac 
Eata-e) 


TIP33 
(TEXAS 

INSTRUMENTS) _L power 
SUPPLY 
UNOER 


“r TEST 


10k a 
jes up to 500 kHz. A-c component from nal response without lowering gain mee 
ies . ; 
eligi and d-c component from pot are ciably.—R. D. Guyton, A Dynamic boa 


Tester for Regulated Power Supplies, Elec- 


i i irevit connected 
ee piclaa NRT tronics, Feb, 2, 1970, p 98. 


to pin 7 improves high-frequency large-sig- 
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a 10V/ 50mA 
2N708 PILOT LAMP 
JO TEST) NER 63 i 
TEST 1000 pF IN3600 0 
+9V = co t 2 
c Dy Cq 2N708 
i: cal 1k aad 
CRYSTAL TESTER—Will check any crystal in 
range of 3.5 to 90 MHz almost instantly, 
Crystal is inserted in test socket and switch 
= SI pushed, If crystal is good, untuned Col- 
NEON HARNESS TESTER—Compact and inex» pitts oscillator goes into oscillation, and its 
pensive neon flip-flop circuit continuously output signal is rectified to turn on Q2 and 
monitors each individual wire in cable pilot lamp.—M. Kaufman, Self-Contained 
harness, Resistor values depend on E; for Crystal Tester, EEE, July 1970, p 84. 


250 V, R is 220K.—E, Bauman, “Applications 
of Neon Lamps and Gas Discharge Tubes,” 
Signalite, Neptune, N.J., p 142. 


TRANSISTOR BREAKDOWN—Same circuit can 
be used to measure collector breakdown to 
emitter with base open and collector break- 
down to base with emitter open, for up to 
50 V breakdown. This test provides data 
for deciding if given transistor should be 
used in high-voltage circuit. Can also be 
used to measure breakdown voltage of zener 
diode, and for determining whether given 
transistor is germanium or silicon—M. J. 
Moss, Versatile Transistor Tester, Electronics 
World, Aug, 1967, p 56-58. 


prem, wk eel 


S| SHOWN IN "NPN" POSITION 


S28 » "SMALL SIGNAL” POSITION 
$3 on « "GAIN" POSITION 
S4 » «© "NORMAL" POSITION 


TRANSISTOR/DIODE TESTER—Circuit features battery supply, so tester is ready for instant gives operating instructions, along with 


simplicity of operation and lack of critical use. Circuit design makes it virtually im- changes needed to use 100.uA meteb.—M. 
adjustments, for checking gain, leakage, and possible to damage either meter or transistor J. Moss, Versatile Transistor Tester, Electron- 
breakdown voltage of small-signal and power under test even if switches are set wrong. ies World, Aug. 1967, p 56-58. 


transistors. No on-off switch is needed for Also makes zener breakdown tests. Article 


TEST CIRCUITS 


SURPLUS-CRYSTAL CHECKER—Provides quick 
performance check of used or surplus crystals 
often available for as little as 10 cents each, 
Tube circuit operating from a-c line will os- 
cillate for crystals throughout 2-30 MHz 
range and for fundamental crystals in 200~ 
500 kHz range. (Transistor equivalent was 
extremely critical as to frequency.) Good 
crystal gives meter reading of 0.3 to 1 mA, 
while bad crystals read below 0.2 mA, 
Checker is easily calibrated with a few good 
crystals.—E, H. Marriner, The Crystal Checker, 
CQ, July 1964, p 30-31. 


LAMP TESTER—Measures deviation in current 
of lamp under test from that of standard 
lamp, Gijyes high accuracy, because com- 
ponent variations produce proportional out- 
put error only in tolerance reading, not in 
total measured current. Philips DOA42 IC 
opamp giyes 100 times amplification, With 
standard lamp LAs in circuit, either R3 or 
Vref is adjusted for zero output of opamp 
f¢ indicated by zero-center voltmeter. Lamp 


testing can now be carried out. For posi- ftectors.—P, Havas, 


MPS2923 


Ve~-lOv 
AUDIBLE VOLTMETER FOR 1IC’S—Circuit pro- 


duces three different squeals from loud- o 
speaker—250 Hz for open cirevit, 300 Hz for oreN ane 
0 V, and 1,000 Hz for --5 V, to speed 45, | 1900 hz 


checking of DTL and TTL 1C’s when visual 


€3¥3 


Bzy88- B2y88~- 


tive indication, circuit at right of dashed 
lines can be added, to drive lamps or other 
indicators showing that {amp is outside upper 
or lower tolerance limits determined by 10K 
pots connected to DZD40 Philips IC zero de- 
Measurement of Devia- 


OUTPUT FREQUENCY 


MPS2923 


849 


to 
indicator 


120.2 
tion from Standard Using A DOA42 Circuit 
Block, Philips, Pub, Dept., Elcoma Div., Eind~ 
hoven, The Netherlands, No, 83. 


2N4893 


4un 0 : 
SPEAKER 


Rheostats can be 


readout is inconvenient. 
adjusted for wide range af other input volt- 
ages and output frequencies.—T. F. Piatkow- 
ski, ICs Are Checked Faster With Audible 
Voltmeter, Electronics, Jan. 20, 1969, p 88. 
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~)t 
1NLS6A e OPAMP FAULT DETECTOR—Senses and _ indi- 
cates presence of signal at inverting input 
Vi O of opamp. Detection takes place in another 
10K FAULT OUTPUT opamp connected in polar integrator irs 
cuit, to give positive d-c voltage as indica- 
tion of fault output. Can be used to drive 
indicator lamp, reset analog computer, or 
2 stop process under control. Choose value of 
OA is the main C for desired R-C time constant with 1-meg 
operational ampli- : - 

= f feedback resistor. 1 y«F gives 1 s. Values 

= fier such as OEI . 
ov NN Models 9125, 9130, of Ri and Rf depend on opamp OA under 
INPUT R, R 9186, 9245, 9263, ete. test—An Operational Amplifier Fault De- 
tector, Optical Electronics, Tucson, Ariz., No. 

O 10168. 

OUT PUT 
1) D2 03 


to timing circurtry 


Ri 
kK 


ov 
3382 


LEVEL DETECTOR—Uses Philips DOA4O IC 
opamp to provide simple yes-no indication 
of whether diode leakage current drifts 
within certain value over certain period of ov ov ov 
time. Report describes operation in detail. 2.7K 2792 

—A Level Detector Using The Operational 

Amplifier DOA4O0, Philips, Pub. Dept., Elcoma ~6V 


Div., Eindhoven, The Netherlands. oy 


REGULATED 
CURRENT SOURCE 


forced through. With opamp adjusted for 
COAXIAL CABLE PROBES voltage gain of 100, output of opamp is 
then 6 V. If resistance exceeds 0.31 ohm, 

W multilayer printed circuit boards much faster detector-zener combination turns indicator 
WIRING CHECKER—IC opamp followed by than with digital ohmmeter. Maximum per- lamp off.—D. Haggan, Tester Measures Re- 
two-transistor detector with indicator lamp missible resistance is 0.3 ohm, which gives sistance of Multilayer P-C Boards, Electron- 
checks resistance of critical conductor runs on voltage drop of 0.06 V when 200 mA is ies, Sept. 16, 1968, p 100—101. 


TRANSISTOR-DIODE-SCR TESTER—Measures 
leakage current and d-c current gain (beta) 
of transistors, indicates open or shorted junc- 
tions via lamp, indicates whether ser will 
conduct when current is furnished to gate 
and will turn off when voltage is removed, 
end checks for opens or shorts in diodes. 
Ql and Q2 should have beta over 20. Arti- 
ele gives construction and calibration pro- 
sedures.—M, Gross, Semiconductor Test Set, 
Flectronics World, Nov. 1967, p 74-76. 


o*o~ 
mes 1.50 oa 
. is 

s= 3 VOLTS J 

af 
AMPLITUDE 
output ~~, [ore HEP sa0 
© DUAL 

O.1j4F 2-INPUT 


GATE 


SIGNAL INJECTOR—Helps locate defective ref 
er audio stage in radio or tv testing. 
Square-wave output is variable from 200 
{o 2,000 Hz, with amplitude adjustable from 
0 to 1 V.—"Tips on Using IC’s,” Motorola, 
Phoenix, Ariz., HMA-32, 1968. 


imA 
CURRENT 
SOURCE 


DVM, 
Zin = 10M 


SWITCH POSITION NOMENCLATURE 


Position 1 = V, < 80V @10s4 
2 BVp S$ BOV@10,A 
3 = BVgS 80V@ 10uA 


TEST CIRCUITS 


R2 
[fre N-P-N INIGO 


CURRENT GENERATOR 


| 


Position 4 = Ron@ ImA 
5 = Normal! Scope 
6 =Vps for InA 
7 = 1nA Adj Monitor 


851 


$4 
CALIBRATE 


120V 
50-60cps 


MOSFET PARAMETER TESTER—Designed for 
testing p-channef enhancement-mode mosfet 
devices. May be assembled in small box 
that mounts on terminal plugs of curve tracer 
for dynamic testing, in conjunction with 
static direct measurements on digital volt- 
meter.—C, R. Perkins, “Application of MOS- 
FET Devices to Electronic Circuits,” Hughes, 
Newport Beach, Cal., 1968, p 3. 


DRAIN 
GATE 


SOURCE & 
SUBSTRATE 


CHAPTER 89 
Timer Circuits 


+6.2Vde 


VARIABLE-DELAY ONE-SHOT—With Cl 0.22 
BF, R1 47~547K, and R2 and R3 10K, range 
of delay times is 7 to 80 ms. With Cl 10 
uF and other values same, range is 0.4—4 s. 
May also be used as countdown circuit or 
one-shot driving 1K load. IC opamp con- 
tributes to high performance. Input trigger 
should be greater than 2.5 V p-p, with 5- 
us rise time and at least 10-us pulse width.— 
W. R. Walters, IC Opamp Improves Stability 
of Monostable Multivibrator, EEE, Dec. 1967, 
p 92-93, 


OUTPUT 


c2 CR, 
O.lpF 1Na56 


(+) 


(+) 
NEON-OPERATED  FLIP-FLOP—Peak voltage 
and duration of driver pulse from neon are 
determined by value of capacitor between 
neon lamp and flip-flop. Book has nomo- 
graph (p 31) for determing values of R and 
C to give desired time.—E. Bauman, “Appli- 
cations of Neon Lamps and Gas Discharge 
Tubes,” Signalite, Neptune, N.J., p 61. 


Eg=l20v 


2N4125 


Qi 


2N4151 O10 


2N4151 


PULSE 


STAGE 2 STAGE 3 TURN OPF 


SEQUENTIAL UJT TEMER—Can have any num- 
ber of stages. Output pulse from each stage 
follows that of previous stage by adjustable 
interval. Q10 serves only to turn off ser in 
‘ast stage (Q7). Addition of timing circuit 


852 


between Q10 and Ql] makes sequence run 
continuously. Delay time of each stage can 
be anywhere between 10 ms and 5 s, set by 
5-meg pot. RI, R2, and R3 can be relays 
or other types of loads for ser’s; if output 


CIRCUIT 
pulses are desired from ser gates, these re- 
sistors should be 100 ohms.—Semiconductor 
Power Circuits Handbook,” Motorola, Phoe- 
nix, Ajiz., 1968, p 6~27, 


5-120 S$ TIMER FOR 240 W—Prevides con- 
trolled on time for enlargers, house or garage 
lights, and universal motors, with automatic 
turn-off at end of interval by single ser in 
series with load.—“Silicon Controlled Rectifier 
Experimenter’s Manual,” RCA, Harrison, N.J., 


TIMER CIRCUITS 
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INCREASE TIME <—- 


F 
fe OFF ° 
KD2103 
KD2103 
(20V 
60Hz 


ud.) 
18 


1967, p 62. 


nn INCREASE DELAY 


KD2102 


Cay 
50 uF > 


DISCRETE 
COARSE 
ADJUSTMENT 


Ry 


Qe 
2N5198 


CLy6810 


30 HR WITH 1% ACCURACY--Values of C1 
and R2 have maximum effect on interval be- 
tween input and output signals; 30-hr delay 
is obtained with 28K for R2 and 1 «KF for 
Cl. For 70-min delay, RI is 100 billion ohms, 
R2 is 18K, and Cl is 0.1 uF. Circuit can 


1=680 ya 


Os 
MPS 6515 


CONTINUOUS 
FINE ADJUSTMENT 


O 
RESET~START 


TD 710 
Tp =500 pa 


5-300 S TIMER FOR 240 W—Timing capacitor 
C2 gives maximum delay of 2 min before 
applying power with values shown, but 
larger capacitor will increase delay fo 5 min, 
tn addition to lamp, heater, and motor appli- 
cations, can be used to turn on alarm at end 
of desired time interval such as for signaling 
l-min limit of thinking time in chess or bridge 
game.—“Silicon Controlled Rectifier Experi- 
menter’s Manual,” RCA, Harrison, N.J., 1967, 
p 66, 


OUT 


Q4 
2N1306 


(i 
As 


Veg 


also be used to measure small currents such 
as fet gate leakage currents in picoampere 
region, by removing RI and 2; leakage 


current of QT is then converted into time 
delay. With feedback from output to reset 
input, circuit can be used as current-frequency 
converter.—-G, Black and K. C. Smith, BIFET 
Circuit Yields Time Delays Up to 30 Hours, 
Electronics, May 26, 1969, p 94. 
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NEON-OPERATED PHOTOCELL—Light from 
neon reduces resistance of cadmium sulfide 
or cadmium selenide photocell, permitting 
relay to lock up. Book has nomograph (p 
31) for determining values of R and C to give 
desired time.—E. Bauman, “Applications of 
Neon Lamps and Gas Discharge Tubes,” Sig- 
nalite, Neptune, N.J., p 59. 


OPERATE 


10-HR FET TIMER—~Circuit is basically ujt saw- 
tooth oscillator, in which conventional 
charging resistor for CE is replaced by cur- 
rent source QI-RI-R2-R3. For timing ac« 
curacy of 10%, voltage supply must have 
2.5% regulation. Book analyzes sources of 
error in timing.—”“Semiconductor Power Cir- 
cuits Handbook,” Motorola, Phoenix, Ariz., 
1968, p 6-24, 


R, = 1000; “Ww C, = 84uF -500V 

Ry = 560; 5.5 W Cy = 800 uF ~ 40 V (2222 060 17801) 

Ry = 4.7 kQ; YW Cz = SuF- wv 

Ry = 20 kQ); potentiometer 

Rs = 2M); potentiometer RL = relay 35 V ~7mA 

Rg = 2 ae Epona mere: D, = BYX10 or BY100 

hs aed cee ee tel D.. = 0A200 or 0A202 HIGH-ACCURACY 20-MIN DELAY—Energizes 

Re = 2.7M0; %W D. =0A202 relay with high reproducibility at end of 

Ro = 5610; YW 37 delay interval that is continuously adjustable 

; up to 20 min with R5, Setting of R4 deter- 

Pid ste so Le= BC147 mines minimum time and R6 maximum time. 

Ri 4.710; YW TRo= BC147 Operates from 220-V a-c line through half- 

R 120 0; 4W wave rectifier DI, with relay connected to 
12 M 1 handle ac load.—Transistorized Timers, 

Ri3= 1.2 rs 4 W Philips, Pub. Dept., Elcoma Div., Eindhoven, 

R,,= 39K); 5.5 


The Netherlands, No. 443, 1968. 


1-MINUTE DELAY FOR 1,200 W-—Static a-c 
time delay, adjustable up to 1 min, handles 
inductive or resistive load, Simplicity of 
triane asc latch is combined with low cost of 
diac triggering. For industrial and commer- 
cial control applications requiring delayed 
switching on of load and quick reset.—F. W. 
Gutzwiller and E. K. Howell, Economy Power 
Semiconductor Applications, General Electric, 
Syracuse, N.Y., No. 671.1, 1965, p 9. 


R, =1000; YW 
R, 47 Q; 5.5 W 
Ra = 1840; 1W 
Ry = 100 KD; potentiometer 
Re = 27M); YW 
Re = 2.7MQ; YW 
Rp = 5640; YW 
Re = 150kQ; 1W 
Ry = 3.910; WW 
Rig= 12000; YW 
Ryy= 10k; Ww 
Rig= 33 kD; 5.5 W 


TIMER CIRCUITS 


PRECISION UJT DELAY—Range of values in- 
dicated for RT and CT gives time delays 
from 0.4 ms to ] minute, Loud current is 
fimited only by rating of ser. If RT is pre- 
cision calibrated potentiometer such as Heli- 


8 uF ~ 500 V 
Cy =2x2.2uF — 260 V 


Cy= 0.56"F — 160 V 
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560Q 


oO +28V 


| 


EXTERNAL 
LOAD 


| 


ZU2Z09F 
OR 
CIOF 


OGND 


pot, delay can be set accurately over wide 
range after one initial calibration,—T. P, 
Sylvan, The Unijunction Transistor Charac- 
teristics and Applications, General Electric, 
Syracuse, N.Y,, No. 90.10, 1965, p 77. 


RL= relay 35 V —7 mA 


D, = BYX10 or BY 100 
D= 0A202 
d= 0A202 


TR, = BC147 
TR = BCt47 


2-MINUTE TIMER—Uses foil-dielectric timing 
capacitor having extremely small leakage 
current and narrow tolerances, to eliminate 
need for preadjustment of time. Switching 
time is adjusted by varying initial capacitor 
voltage with R4.—Transistorized Timers, 
Philips, Pub. Dept., Elcoma Div., Eindhoven, 
The Netherlands, No. 443, 1968. 
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INCREASE TIME ~— 


IN3754 


5-120 S$ TURN-ON TIMER FOR 240 W—Will 
turn off enlarger, heater, lamp, or universal 
motor after time interval determined by 
setting of R3, when $1 is set at ON position. 
OFF position of $1 serves to discharge timing 


capacitor C2 so circuit is reset. Values: RI 
3K; R2 33; R31 meg; R4 470; R5 150; R6 
47K; R7 10K; R8 15; C1-C2 50 uF; Fl 3AG; 11 
NE-83.—“Transistor Manual,” RCA, Harrison, 
N.J., $C-13, p 524. 


H-15V. 
pe * 


C, = 10 microfarads, 200 volts, elec- 
trolytic 

C2 = 10 microfarads, 200 volts, elec- 
trolytic 

C; = 50 microfarads, 15 volts, elec- 
trolytic 

C. = 4microfarads, see text 

CsCe = 0,01 microfarad, 25 volts or 


greater, 10% 
CR,CRz = silicon rectifier, RCA 


S$K3031 
F, = fuse, size depends on expected 
load 
Q: = MOS field-effect transistor, 
type 3N128 
Q: = transistor, RCA SK3005 


Q; = transistor, RCA SK3020 
Q. = triac, RCA 40503 or RCA 
40429 (the RCA 40429 may be 


used with Wakefield No. 
NC401K or equivalent heat 
sink.) 
RiRs = 100 ohms, 1/2 watt, 10% 
15,000 ohms, I /2 watt, 10% 
potentiometer, 10,000 ohms, 
linear taper 


(#0 
MONOSTABLE 
MULTIVIBRATOR 
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INITIATE 


2.2k 


60-§ DELAY WITH D13Tl—Single program- 
mable ujt serves both as sensitive time-delay 
element and as switch for applying power 
to load. When circuit is energized, capaci- 
tor charges to full supply voltage. When 
INITIATE switch is closed, diode side of ca~ 
pacitor raises to twice supply voltage, and 
capacitor discharges through resistors until 
gate of DI3Tl becomes forward-biased and 
ujt turns on, applying power to relay. De« 
lay is independent of supply voltage, in 
range of 40 to 60 s—W. R. Spofford, Jr., 
The D13T—A Programmable Unijunction Tran- 
sistor, General Electric, Syracuse, N.Y., No. 
90.70, 1967, p 12, 


HIGH CURRENT 
A.C, CIRCUT 


BLOCKING OSCILLATOR 


R, = 1000 ohms, 1/2 watt, 10% 
Re = 3000 ohms, 5 watts, 10% 
Ri = 390ohms, 1/2 watt, 10% R,-1L2k2 Rg - 1802 Cz -0.5nfd Ty - Weld trans. 
Rs = 4.7 megohms, 1/2 watt, 10%, Ry - 3002 Roe 68 KQ Cy - 240nutd Ty - Arnold Core 
see text Rs g _ #4T5651D1 
Re = 5.6 ohms, 1/2 watt, 10% ge hEe Ryjy- 10K C5 - 0.01 wid turns as indi- 
Rio = 3900 ohms, 1/2 watt, 10% R,- 3 Ko Ry) - 1002 Q, - 2NE50 cated on sketch 
Ri, = 150 ohms, 1/2 watt, 10% ~ 2402 R,,- 102 Q, - 2N650 above. 
RizRis = 470 ohms, 1/2 watt, 10% - eo n min 2 ath 
S. = switch, 125 volts, double-pole, 6 14 Q, - 2N651 
double-throw, capable of han- Ry -5.1 KQ cy - 50 utd SCR, - 2N2577 
dling the expected load. R,-5.1K2 Cy -0,1yfd SCR, - 2N2577 


UNIVERSAL TIMER—Turns electrical device off 
after predetermined interval determined by 


setting of R3. 


With 40503 triac, will handle 


loads up to 3.3 A. With 40429 triac, load 
without sink can be 2.7 A and up to 6 A 


with sink. 


For wider range of time periods, 


provisions can be made to switch in different 
values for R8 or C4.—Hobby Circuits Man- 
val,” RCA, Harrison, N.J., HM-90, p 75. 


A-C BURST WELDER—Controls time duration at 
which a-c line voltage is applied to welding 
transformer Tl, over range of 20 ms to 1 s. 


10-kHz 


blocking 


oscillator produces 2-1 


trigger pulses for scr’s under contro! of mono 
mvbr.—“Circuits Manual,” Motorola, Phoenix, 
Ariz., 1965, p 9-4-3, 


(+) 


LOAD 
T2-27-IWR250 


OPERATE 
NEON-OPERATED SCR—Output from neon 
operates ser until circuit is reset. Book has 


nomograph (p 31) for determining values of 
R and C to give desired time.-E. Bauman, 
“Applications of Neon Lamps and Gas Dis- 
charge Tubes,” Signalite, Neptune, NJ, p 
60. 


SCS TIMER—Load current begins about 0.5 
RC after switch is set to TIME, and continues 
until switch is reset.—Planar Silicon Con- 
trolled Switch 3N84/3N85, General Electric, 
Syracuse, N.Y., No. 65.138, 1964. 


Td=45C_ nS 
pee + 15 Volts 


Cy In uF 


330pF 
Tin 


100K 


OUTPUT 
8 © 


MICROSECONDS TO MINUTES—Comparator IC 
connected as shown behaves as one-shot 
delay in which value of CT determines timing 
interval. Output is normally at -10 V. 
Negative input trigger pulse makes output 
switch to +10 V and hold at that level until 
charge on CT drops to point where pin 3 of 
IC is less positive than pin 2; output then 
reverts to 10 V. Circuit has good noise 
immunity.—Applying the Model 5501 Mono- 
lithic Analog Comparator, Optical Electronics, 
Tucson, Atiz., No, 10147, 


TIMER CIRCUITS 


HEP 801 


A 
100K 
5 MEG 
8 
+ 
100 
oe 


FET TIMER—Range is 5-50 s with values 
shown for timer input to terminals A-B. By 
substituting network of wires spaced Wg” 
apart between A-B, circuit operates as mois- 


100 2; 
56 kD; 5.5 0 
471Q; YW 
10 kQ2; potentiometer 
100 2; 
= 500 IQ); potentiometer 
3.9 M1; YW 
33K; 5.5 W 
1k; YW 
V.D.R.= 2322 552 02321 


I-MIN TIMER—Interval before relay is ener- 
gized can be adjusted for delay up to 1 min. 
Uses voltage-dependent resistor to stabilize 
voltage across R9, eliminating need for ex- 


YW 


u 


potentiometer 
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12 VOLTS 


ts 
ty 
> 


1 MEG 8 


SENSITIVITY 
MOISTURE PHOTO 
DETECTOR CELL 


ture detector. With photocell, circuit be- 
comes light-activated relay.—“Tips on Using 
FET’s,“ Motorola, Phoenix, Ariz., HMA-33, 


1969. 


load 


~ 500 V 
— 40 V (2222 060 17801) 
- WV 


or BY 100 
= 0A200 or 0A202 


a) 
Dy 
D,= 0AD2 


TR, = BC147 


RL= relay 35 V ~7 mA 


cessively high bleeder current.—Transistorized 
Timers, Philips, Pub. Dept., Elcoma Div., Eind- 
hoven, The Netherlands, No. 443, 1968. 


so rfi is negligible. 
solenoids, small motors, and other devices 
up to 25 W, particularly with optical pro- 
grammer. 
but go off only at zero.—E. K. Howell, The 
Light Activated SCR, General Electric, Syra- 
cuse, N.Y., No, 200.34, 1965. 


FLASH-ACTIVATED LASCR TURN-OFF DELAY 
—Random impulse of light fires laser, ap- 
plying full current to load, and initiating dis- 
charge of capacitors 
When discharge current drops below 


through R1-R3_ and 


holding current of laser, it goes off and cuts 
load current at next line current zero. De- 
creasing R3-reduces time that laser stays on. 
During conduction, full sine wave is applied 
to load, with very little harmonic distortion, 


Useful for driving lamps, 


Will turn on at any part of cycle, 
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CR} 
laser. 
cR3 i 
Ry 
i20 VAC 
60 CPS LOAD UP 
TO 
25 WATTS 

CR) —*CR5 G-E INS38 


6-MINUTE UJT~Simple two-ujt circuit pro- 
vides 6-min delay that is accurate within 
2% from —10 to 70 C. R4 provides fine 
adjustment of delay. Oscillator Q1 charges 
C2 at rate of one pulse per minute until 
voltage across C2 exceeds firing point of 
Q2,.—G. £. Huffman, Unijunction Circuit Gives 
Long Time Delay, Electronic Design, Feb. 17, 


NOpt 


1964, p 92-93. 


INT RECT 


SUPPRESSOR 
G.E, 20SP4B4 
OR EQuiy 


120 VAC 
LINE 


LESS THAN 
150 WATTS 


2 HZ TO 5 S—Accuracy is ideal for photo- 
graphic work. Uses scr to gate diode bridge 
that drives ujt Q4 through binary Q2-Q3. 
~* acts as AND gate to eliminate starting 


120 VAC SURGE 


INI597 


{4) INI6S3 


NORMALLY 
OPEN PUSH 
BUTTON 


ambiguity. Timing range can be extended 


by using farger timing capacitors. When 
switch on rear of pot is open, timer is by- 
passed for focusing.—R. A. Kawcyn, Solid- 


RELAY 
coll 


} 
ay 
at 


220 


State Timer Expands Time Interval Range, 
Electronic Design, Aug. 31, 1964, p 46 and 48. 
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NEON TIMER—Output is positive-going pulse 
of at least 100 V. Duration is determined 
by value of capacitor before output. Book 
has nomograph (p 31) for determining values 
E gz 300 of R and C to give desired time delay.—E. 

VOLTS Bauman, “Applications of Neon Lamps and 
Gas Discharge Tubes,” Signalite, Neptune, 
N.S, p 61. 


T2-27-IWR760 


OPERATE 


¢ 


i 


0.25—10,25 S—Uses pushbutton initiation of 
timing sequence, with relay output. Timing 
interval is determined by setting of precision 
10-turn Helipot R10, in increments of 0.01 s, 
Minimum value of 0.25 s is due to series re~ 
sistance of time calibration pot R5. SWI 


3 + ei Ri- 22, | WATT RIO ~ 100K, 10 TURN HELIPOT 04 = 1OnFO, SOV 

adds 100K series resistance R7 to extend time 2, R3~ 3300, 1/2 WATT Ril- 1509, 1/2 WATT SCRI-GE CISF 
range by 10 s, and 200K for 20 s, In posi- R4- 359, SWATT RI2-189, 1/2 WATT OR CIIF 
tion 4, SWI opens timing resistor circuit to R5-2.5K, LINEAR POT RI3~L2K, 2WATT CRI-CRE-GE AISA 
; ane RE ~ 25K, 1/2 WATT RIS - 1002, 1/2 WATT GRT- IBV, 10% | WATT ZENER 
give on-off control. Absolute timing ac- R7~ 100K, 1/2%, 1/2 WATT Cl~ S00#FD, SOV Q1-GE 2NI67IB 
curacy is 0.5% after initial calibration, and RG - 200K, 1/2%,1/2WATT C2~ 100 FD, 50V SI-GE CRZ7SIGIZZA4 

ility i % 4“ R9- 1001/2 WATT €3-100MFD, 20V TANTALUM 4POs RELAY 
repeatability is 0.05 % « SCR Manual,” 4th PLE, PL2- GE 1447, 24V LAMP 
Edition, General Electric, 1967, p 164-165, Tl-NSW/25V IA TRANSFORMER 


CONTROL 
DECK 


IN645 


2NI771 


Olpt 


GND 


= “ 20-200 MS FOR STEPPER—R2 controls amount 
HALF AN HOUR~Inexpensive modification of delay between closing of pushbutton and 
stepping of 7-A rotary selector switch to 


of astable mvbr permits use of relatively 
next position, when circuit switch $1 is in 


small values of C to produce time delays up 


to 30 min. Component values are deter- Position shown for automatic homing, Se- 


mined by delay time t = RC and R= 10 r. lector switch sequences additional positions 
R can be 30 meg or more. QI is 2N1308 until home position is reached. In manual 
and Q2 is 2N1309.—J. L, Johansen, Modified mode, pushbutton sequences selector one 
Astable Multivibrator Produces Very Long position for each closure.—E. G. McCoy, Ad- 


Time Delay, Efectronic Design, May 10, 1965, justable Time Delay For Rotary Switches, 
p 48-49. Electronic Design, April 13, 1964, p 72-73. 


a 
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GO-Hz INPUT 
° 


FOUR RANGES TO 15 S~Use of Fairchild 
RTuL 9923 JK flip-flops and RTL 9914 dual 
two-input gates dramatically simplifies con- 
struction by experimenters of IC interval 

timer that would otherwise require 211 tran- 7 bare arg 
sistors and 271 resistors. Time-base gener- 
ator arrangement shown provides accurately 
spaced clock pulses when enabled by con- 
trol section, for counting during duration of 
event being timed, in four ranges covering 
0.05 to 15 sD. bh. Steinbach, A Digital IC 
Timer, Electronics World, May 1969, p 48— 
50. THz 


TIME BASE 
OUTPUT 


POWER 
SWITCH 


2N2647 


DOUBLE DELAY—Provides adjustable turn-on 
delay of up to 30 s after power is applied, 
controfled by R1-Cl, and turn-off delay con- 
trolled by R2-C2. Circuit is immune to power 
interruptions up to several ms and will not 
reset for them. Operates from 12 to 36 V 
d-c.—G. W. Vest, Timing Circuit Has Inde- 
pendent Turn-On and Turn-Off Delays, Flec- 
tronic Design, Aug. 16, 1969, p 238. 


2N4441 


+24 voc STOP 


ADDITIONAL. 
STAGES AS 
REQUIRED. 


f 

Jka TIMER—Versatile ujt-scr arrange~ 
ment, operating from 24 V d-c, may have 
as many stages as are required, each with 
preset timing or transducer-triggered time 
intervals, Ideal for automatic starting and 
stopping controls, vending machines, process 
control, traffic control, and other sequence 
programmer applications. Handles loads up 
to 1 A, such as heater, lamps, motors, and 
relays.—F. W. Gutzwiller and E. K. Howell, 
Economy Power Semiconductor Applications, 
General Electric, Syracuse, N.Y., No. 671.1, 
1965, p 5. 


4 


eS een oe 
START STAGE PRESET TIMED STAGE TRANSDUCER TRIGGERED “OR” STAGE 


TRIGGERED BY STAGE ACTUATED DURING 
CLOSURE OF OPERATION OF 
START BUTTON LOADS (1) oR @ 


** ALTERNATE POSITIONS OF 5K-IOK TRANSDUCERS (PHOTOCELLS, THERMISTORS, ETC.) 


TIMER CIRCUITS 


+20 START 
o—e" 5 


C- GE AAIBAIO5C 
30 $ WITH D13T2—-Programmable ujt pro- 
vides 30-s delay after switch is closed, be- 
fore scr turns on and applies power to load. 
With tolerances shown for components, cali- 


bration is unnecessary.—-W. R. Spofford, Jr., 
The DI3T—A_ Programmable  Unijunction 
Transistor, General Electric, Syracuse, N.Y., 
No. 90.70, 1967, p 11. 


scR 
2n2z22 
.| RL 
= 50) 
ei IN756 : 
= . Ak 4. 
330K c 


10-S POWER DELAY—Uses scr and zener in \OOpt 
place of relay to apply power to 500-mA 
load 10 s after 24-V battery is switched on. 


Values of R, C, and zener can be changed 


to give different delay.—J. A. Means, SCR 
and Zener Diode Provide Time Delay, Elec- 
tronic Design, March 30, 1964, p 73-75. 


Ry 
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+12 VOLTS OC 


‘ 
* LeU / LSU 
Ris 
56K 
—t ~-3 ~ 
Re 
z 180 OHM 
uJT] 
2N2647 teas 
330 
OHMS 
. AR Ce 
2 (iF 
0 
CR) ~G-E INS36 


UJT) - G-E 2N2647 


R3-Ik 


LASCR VARIABLE-PULSE-WIDTH TURN-OFF 
DELAY—Incident light triggers lascr and ap~ 
plies power fo load. Voltage drop across 
load activates ujt timing-turn-off circuit, with 
delay determined by RI, Cl, and ujt, to 
turn off load in interval of up to several 
seconds.-E, K, Howell, The Light Activated 
SCR, General Electric, Syracuse, N.Y., No. 
200.34, 1965. 


14-MIN TIMER—Operates from 30-V d-c sup- 
ply and energizes relay after 14-min delay.— 
Transistorized Timers, Philips, Pub. Dept., El- 
coma Div., Eindhoven, The Netherlands, No. 
443, 1968. 


R, = 390 KQ; 1/8 W Ras 330; V4aw 

Ry = 560K) 1/8 W C, = 800uF; an V (2222060 17801) 
Ry = 6.8 kQ; 1/8 W C, = WOnF; 

Re = 12 kQ; 1/8 W 

R =5.6kQ2 1/8 W RL = relay 24 V ~ 300 mA 
F : 

Ry = 47 kQ 1/8 W TR, = BC147 

Rg = 1.240; 174 W TR, = BC147 

Ry =270 Q; 1/8 W TRg = AC127 

Rio =2700; 1/8 W TR4= AC127 

Rai a ad D, = BY 100 

Ria = 12; potentiometer Do = 0A20 

Rigm 3300; 5.56 


(+) 


Gas Discharge Tubes,” Signalite, Neptune, 
N.J., p 60. 
+22 VOLTS 
TIME 
ADJUST 
B2 
pega 2nie7ic 


22B 


45-MIN TIMER—Gives long and adjustable 


time 


trolytic 
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-9V 
ELECTRONICS 
6V-60.0, 
00nF 7—=¢ SERIES 8500 
lov a TYPE G 
~ Q, B20 ~ 
Q, BY 40 
COST-CUTTING RELAY DELAY—Darlington 


connection of transistors gives time delay of 
8 > s for relay pull-in with values shown, 
With larger values of C, delay can be sev- 
eral minutes. For still greater delays, use 
higher-beta transistors and higher-resistance 
relay coil. Article gives delay equation.— 
M, Leopold and A, L. Plevy, Relay Arrange- 
Time Delay—Reduces Cast, 


ment Increases 


Electronic Design, Dec, 21, 1964, p 55—56. 


OPERATE 
NEON-OPERATED TRANSISTOR—Output from 
neon operates transistor which pulls in relay. 
Book has nomograph (p 31) for determining 
values of R and C to give desired time.—E. 
Bauman, “Applications of Neon’ Lamps and 


B 


delays without using tantalum or elec- 


capacitors. Uses low-cost 2N2646 


+20 


START 


1% 


ujt to apply sampling pulse to base 2 of 
other ujt, thereby reducing required trigger 
current by 1,000:1 or more.—D. V. Jones, 


MANUAL 


30 S$ WITH SAMPLING—Programmable  ujt 
provides 30-s delay after switch is closed, 
before scr turns on and applies power to 
load that is connected between anode of 


scr and +20 V. Both diodes are 1N4148; 
right-hand diode serves with 10K resistor and 
sampling transistor to apply external 1-kHz 
pulse train for modulating intrinsic standoff 


voltage once per ms to sample capacitor 
voltage during delay interval.—W, R. Spof- 
ford, Jr, The DI3T—A Programmable Uni- 
Syra- 


junction Transistor, General Electric, 
cuse, N.Y., No. 90.70, 1967, p 11. 


"SAMPLING" 


DIODES-IN4148 


2BV OC 


WT 
2ni671 


PULSE-TRIGGERED 4-S TIMER—Can be trig- 
gered by pulse as short as a few microsec- 
onds, to apply power to load for time dura- 


tion determined by RC time 


constant, 


Inductive load requires clamping, along with 
parallel resistor to facilitate triggering.—A. 
Balint, SCR and UJT Form Simple Precision 


Timer, Electronic Design, Sept, 14, 
76, 


330 


B2 
2N2646 


BI 


671.3, 1966, p 15. 


1964, p 


Cl,C2 & C3 - 2MFD/IOOV 


O 
Semiconductor Timers and Law Frequency Os~ 
cillstors, General Electric, Syracuse, N.Y., No. 


8-80 S TURN-OFF DELAY—Closing $1 makes 
triac turn on and handle up to 6 A load cur« 
rent. After interval determined by setting of 
R7, ujt fires and delivers trigger pulse that 
turns on scr and makes it self-latch. This 
breaks drive to triac gate and triac turns off. 
Circuit is reset by opening $1 briefly. Use 
RCA 40429 triac for 120 V and 40430 for 
240 V.—R. M. Marston, 20 Triac Circuits, 
Radio-Electronies, June 1970, p 51-53 and 97. 


240 VAC 


INTERVAL TIMER FOR 3-A D-C LOAD—Timing 
cycle is initiated by low-level (minimum of 
1 V) 5-~s pulse applied to terminal A, which 
turns on scr CS$-1 to supply power to load. 
-Simultaneously, CS-2 is turned off and C2 
begins charging through R2, R3, and R4. 
Zener minimizes timing error. When charge 
reaches 7.5 V, Z1 conducts and makes CS-2 
fire, 1 s after initiating pulse, to turn off CS~1 
and remove power from load. D1 and R3 
discharge C2 rapidly, to keep recycle time 
under 1 ms.—Interval Timer for High Level 
Output, Solid State Products, Salem, Mass., 
No. 1. 


A 
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si +V_e 
+ 
R6& 
47K 
R7 
500K 
12 VDC 
Ct 
1OO/I5V 


-AMP TY S! -V 
SCRI (ANY I-AMP TYPE) ot Me 
pa 
Cl 
100/15V 
RE \2vDc 


+ 28V DC 


8-80 $ DELAYED TURN-ON-R6 determines 
interval between closing of $1 and turning 
on of triac QI by ujt and scr. Triac then 
remains on as long as $1 is closed. Use 
RCA 40429 triac for 120 V and 40430 for 
240 V.—R. M. Marston, 20 Triac Circuits, 
Radio-Electronics, June 1970, p 51-53 and 
97. 


+28V Dc 


cS-| - SSPI TYPE 383060 CONTROLLED SWITCH = 
CS-2-SSPI TYPE AAICO CONTROLLED SWITCH 


2, ~- 6.8VOLT ZENER DIODE,TYPE IN7IOA 
Zp- 18 VOLT ZENER DIODE ,TYPE IN720A 
R}~ 1000 OHMS 

Rp- 80,000 OHMS 

R3- 10 OHMS 

D, ~ IN483 SILICON DIODE 


Ci - 6yf, 30V 
Ca— 40,f, IOV 

R4- 2200 OHMS 

R5- 6800 OHMS 

Rg— 2200 OHMS 

ALL RESISTORS - 4 WATT 
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(+) 


(+) 


T2-27-IWR250 


OPERATE ~ "OPERATE 
NEON TIMER—Relay latches when capacitor NEON-PULSED THYRATRON-—Output pulse 
charges to breakdown voltage of famp. from neon causes thyratron to ignite and 
Book has nomograph (p 31) for determining remain on until circuit is reset. Handles 1/2- 
values of R and C to give desired time.—E. W load. Book has nomograph (p 31) for 
Bauman, “Applications of Neon Lamps and determining values of R and C to give de~ 
Gas Discharge Tubes,” Signalite, Neptune, sired time.—E. Bauman, “Applications of 
N.J., p 58. Neon Lamps and Gas Discharge Tubes,” 


Signalite, Neptune, N.J., p 59. 


SEQUENTIAL TIMER—RC timer is driven from 
scs ring counter at right. Only one scs is 
on at a time, with successive timer output 
pulses at B2 advancing ON stage to right, 
Time interval is adjustable for each scs 
stage. Timer itself uses four-lead comple~ 
mentary ujt such as 3N81 (dashed box), 
which can be inhibited from firing by apply- 
TRANSISTOR ~ 2N3414 ing appropriate voltages to terminals A and 
DonEe ease B.—W. R. Spofford, Jr., Complementary Uni- 

junction Transistor, General Electric, Syracuse, 
N.Y., No. 90.72, 1968, p 14, 


AOR B INHIBIT C FROM FIRING. EITHER INPUT MUST BE ZERO VOLTS TO FIRE A INHIBITS AT THE PEAK 
POINT, @ INHIBtTS IN THE VALLEY 


TRIGGER CIRCUIT IF REQUIRED 
| | 


+ 12V 


400.n [2V 
RELAY 


MICRO zt 


SWITCH 


PROCESS TIMER—Holds relay closed for time pulse from external circuitry or by simple Applications, Ferranti Ltd., Oldham, Lanes., 
interval adjustable between 1 and 10 s after =microswitch. For range of 1 to 10 s, R2 is England, 1969, p 40. 
timing action is initiated by negative input 200K and R1 is 2-meg pot.—E-Line Transistor 


TIMER CIRCUITS 865 


R5 
+160V © 
0 0+ 28V 


EXTERNAL, 


\ SET LOAD 


\ CONTROL 


SIGMA 


~o GND 


Ri - 2.2K, 1/2 WATT 

R2~ IK TO 500K LINEAR POT 
R3- 1502, 1/2 WATT 

R4- 27,0 , 1/2 WATT 

R5- 5602, 2 WATT 


Cl - 0.2 TO 100 MFO, I5V 

SCRI - GE C22F OR CIIF 

CRI- 18V,10%, 1 WATT ZENER, INI776 
CR2- GE AIZSA 

Ql- GE 2Ni67IB 


UJT-SCR DELAY—Simple, versatile, and ac- 
curate circuit applies power to load at pre- 
determined interval after initiating signal is 
applied. Timing is initiated either by ap- 
plying supply voltage or opening shorting 
contact across Cl. Delay depends on values 
of RI, R2, and Cl. For reset, scr must be 
turned off by momentarily shorting it or by 
opening d-c supply.—"SCR Manual,” 4th Edi- 
tion, General Electric, 1967, p 163-164. 


0.1~25 S$ NEON TIMER—Gives wide range of 
delays for relay operation after power is 
applied with $1. Power must be removed 
with $1 to release relay after it pulls in.— 
W. G. Miller, “Using and Understanding Min-~ 
iature Neon Lamps,” Howard W. Sams & Co., 
Indianapolis, Ind., 1969, p 72, 


VERSATILE TIMER—Easily assembled one- 
transistor circuit pulls in relay when switch 
$1 is closed, charging Cl to battery supply 
voltage. Cl then discharges-and turns on 
Ql, which pulls in relay, Circuit stays in 
this condition until Cl is discharged below 
saturation level of QI, as determined by 
setting of R3, to turn off QI and release 
relay. Gives choice of intervals from 10 to 
100 s, and even greater timing range if 


values of RT and Cl are changed. No on- 
off switch is required in battery circuit, be- qi NPN Transistor Silicon 
leak th ht ist hen it i RI 10 © Resistor % Watt 10% 
cause leakage roug. ransistor when if is R3 50,000 2 Potentiometer 
off is only about 1 ywA, Can be used for R2 1,000 2 Resistor 4 Watt 10% 
enlarger control in dark room or for delay Aa 270,000 92 Resistor % Watt 10% 
m A " n” cl 1000 LF 25 Volt Electroytic 
in turning off garage light.—“Calectro Hand- $1 Push Button, Normally open Switch 
book,” GC Electronics, Rockford, Ill., FR-69-C, RAY 1000 {2 Sensitive Relay 
p 45 BI Battery, 9V Transistor Radio 


WED) cow ot <u LINE 
iawn 5 é 
: . POLE! 
Double Pole Breaker (> ~"A~7~~~, “SEE POLE2 
Type APL14R 4) 2 | oo ; 
—o 
+24v. 110% 
DOUBLE-THRESHOLD DELAY—Allows adjust- 22K 3W, MAX 
able time delay that responds to average 39K 
(not rms) value of an overload, with essen- . 
tially zero delay above adjustable limit. IN4005s Sai? 
RI determines first threshold, while Cl and waned pa 
R2 determine time delay. With 560 uF for en 
Cl, there is no tripping of Airpax APLI4-R 1K 
double-pole breaker (dashed box) at 100% We SuiON 
load, delay of about 20 s at 150% load, : o 


5 s at 200% load, and minimum delay of 
about 0,01 s beyond 240% load.—Double 
Threshold Time Delay (Airpax ad), Electron- 
ies, Dec, 9, 1968, p 156. 


SIGNAL 
SOURCE 


Nv. 
IMPEDANCE 
10 CHMS: 
=) 


866 
+ z - 
SwiTCH 
/ MOMENTARY 
CONTACT 
IN4148 
30V 
Na!48 
T watt > 
RELAY Cm 
i aN2647 
#8 C 


10-§ SCS—Positive pulse to gate of 3N81 ses 
triggers it on, for supplying power to relay 
load and ujt timing circuit. At completion 
of timing interval based on RC, negative 
pulse is applied to anode of scs to turn it 
off.—Planar Silicon Controlled Switch 3N81/ 
3N82, General Electric, Syracuse, N.Y., No. 
65.16, 1964. 


—__—_-9-— 


470. 


100K. $ 
iookn 


2N2646 


BZY95~ 


16 


HIGH-ACCURACY ADJUSTABLE TIMER—Pro- 
vides adjustable delay after switch $ is 
closed, before relay RA is energized. In- 
cludes temperature compensation with R14, 


2n271l 
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+20 VOLTS 


2.2 MEG 


40 MEG 


(GE75FIRI) 


100nF/25V 


GE76FO2KMIOI ee MES 


The D13T—A Pro« 
General 


rent.—W. R. Spofford, Jr., 
grammable Unijunction Transistor, 
Electric, Syracuse, N.Y., No, 90.70, 1967, p 12. 


LONG DELAY WITH D13T2—At end of tim- 
ing interval, D13T2 produces sharp negative 
pulse for triggering D13T1 programmable ujt 
acting as thyristor for controlling load cur- 


0.1-90 5—Timing interval starts when power 
is applied, and stops when voltage is ap- 
plied to load. Ujt operates as oscillator that 
pulses base 2 of D5K1 complementary ujt for 
triggering of 3N81 scs. Chief advantage of 
circuit is use of larger timing resistor and 
smaller timing capacitor than in conventional 
timers.—Silicon Complementary Unijunction 
Transistor D5K1, General Electric, Syracuse, 
N.Y., No. 60.15, 1967. 


Wen 24 Vv tt 


20% 


performance.—The TAA320 Integrated Circuit 
Used in Long Delay Time Switches, Philips, 
Pub. Dept., Elcoma Div., Eindhoven, The 
Netherlands, No, 447, 1969. 


along with voltage stabilization, to minimize 


time terror. Actual timer is Miller integrator 
that includes IC, with zener reference voltage. 
Report includes mathematical analysis of 
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2702 


UP TO 1 HR—Requires only low-leakage 4 
#F mylar capacitor for fime delays up to 1 
hr because effective firing current is reduced 
by factor of 1,000. Voltage on timing ca- 
pacitor CT is periodically sampled by sam- 
pling pulse generated by 2-Hz ujt relaxation 
oscillator.—“Unijunction Circuit Hints,’ Gen- 
eral Electric, Syracuse, N.Y., Fig. 9%. 


2N494C 
SSD708 


LOAD 
TIME ADJUST 


+25 V0C +30VDC 


+35 VDC 


15pA Quiescent Current 


+9V 


P.O. Type 3000 


SELF-REPEATING TIMER—C1 is charged quickly 
almost to 9 V through resistors and first two 
transistors, When it approaches full charge, 


TIME OF OCCURRENCE—Simple two-stage 


charging current drops and both transistors 
turn off. Capacitor then discharges through 
R3, giving 5-s delay. When base voltage of 
TR2 rises above emitter voltage, TRI and 
TR2 turn on and process repeats, Positive 
pulse is applied to TR3 every 5 s as TRI 
turns on, turning on TR3 and energizing relay. 
—E-Line Transistor Applications, Ferranti Ltd., 
Oldham, Lancs., England, 1969, p 48. 


BASIC FET TIMER—Circuit shown, covered in 
Siliconix application note, has near-zero 
temperature coefficient. Charge and dis- 
charge time of R-C tank determines period 
of timer above 90 s. For shorter periods, 
use of junction fet’s operating as constant 
sources with linear charging rates is recom- 
mended. Regenerative circuitry is added to 
provide on-off timing.—-FETs for Timers, Elec- 
tronic Design, Nov. 8, 1965, p 94. 


-l4V 
o 


250 


100 


transistor circuit with Shockley diode gives 
highly precise timing of start of event. For 
values shown, three samples of input wave- 
form are taken at predetermined intervals 
to establish slope and base line, from which 
exact time of initiation of input signal can 
be computed.—L. M. Germain, Occurrence 
Generator Uses Shockley Diode, Electronic 
Design, Nov. 22, 1965, p 64. 
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4 LAYER 
DIODE 


O 
INPUT 
u7VAC 


Ry 
5 AMP 
u7V AC 
RELAY 
OPDT 


INSTANT RESET— 
Shockley diode in series with relay provides 
instant reset for time delays from fraction 


VARIABLE DELAY WITH 


of second to several minutes. For typical 
5-A axc relay, C should be above 1 uF.—B. 
Evans, Four-Layer Diode Provides Time De~- 
Jay with Instant Reset, Electronic Design, 
March 29, 1965, p 33-34. 


SELF~-DESTRUCTION FOR FUZES—Used in T-5 
antiaircraft battery-powered fuze for 4.5- 
inch M-8 rocket, to explode fuze from 6 to 
11s after missile was launched, if it had 
not been triggered by proximity to enemy 
aircraft, to preclude explosion on ground 
approach over friendly territory after miss. 
Delay circuit connects to grid of thyratron 
and uses NE23 neon tube along with R-C 
components. Small amount of radicactive 
material on neon tube keeps neon sufficiently 
ionized to minimize variations in striking 
voltage. When delay circuit trips thyratron, 
1.5-uF capacitor discharges through armed 
(switch closed) detonator.—A. V. Astin, 
Editor, “Radio Proximity. Fuzes for Fin-Sta- 
bilized Missiles,“ Div. 4, NDRC, Vol. 1, 1946 
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EXT 
4E100-88 5, CONTROL 
IN2070 — 
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002 


GE 
Z4XLI8 


47 MEG 


2.7K 


560 OHMS 
$A 9 +28 
OHMS GE 
¥Y iniesz 
OUTPUT 
Q2 GE 
c3 sO 
-OOlpE 
SCR} 
Ql GE 
GE CI5F 
anasae OR GE CF 


0.3 MS—3 MIN~CI is stable low-leakage 
Paper or mylar capacitor. Peak-point re- 
quirement of timing ujt QI is reduced up to 
1,000 times by pulsing its upper base with 
0.75-V negative pulse derived from free- 
running oscillator Q2. If R1 is 2,000 meg 
and Cl 2-uF mylar, circuit gives stable time 
delays of over 1 hr.—“SCR Manual,” 4th 
Edition, Genera! Electric, 1967, p 165--166. 


DETONATOR 


{available from Clearinghouse, Springfield, 
Va.), p 131. 
©. 3VAC 
ie Tl 600MA_ 
BLK 
M3 
LISVAC 
OFF 


$3 ON 


0.660 S FET—Device connected to timer re- 
ceives power for precise interval, adjustable 
from 0.6 to 6 s for X1 range and 6 to 60 s 
for X10 range. K1 is 6-V relay and BT is 
12-V No, 1815 pilot lamp. Useful in pho- 
tography and other short-term timing appli- 
cations.—Article gives construction and cali- 
bration details.—“Field Effect Transistor Proj- 
ects,“ Motorola, Phoenix, Ariz. 1966, p 
35—47. 


si 
RESET/TIME 


1L0VAC 
OUTLET 
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Ve+i0 os 
1K 
RI _ 2 
Beak RELAY GE 
(TIME ADJUST) — CO#L Alas 
D3 GE Al4D 04 GE Al4D 

i A aa (eee 120 VRMS 
RESET'| "TIME" 60 CPS ¢ 


“= TUNNEL DIODES~ GE TD713's 


CASCADED TUNNEL-DIODE TIME DELAY— 
Two identical time delay stages are cas- 
caded. When current threshold of first tun+ 
nel diode is reached while capacitor is 
charging, this diode switches into high-volt- 
age state and turns on first transistor, to 
initiate similar timing action for second 
stage. Time delay equations are given in 
article.—W. R. Spofford, Jr, Applications 
For The New Low Cost TD 700 Series Tunnel 
Diodes, General Electric, Syracuse, N.Y., No. 
90.66, 1967, p 8. 


GARAGE-LIGHT TURN-OFF DELAY—Simple 
timing circuit gives adjustable delay of 0.01 
to 60 s before light is turned off by relay 
after actuation of switch. Can also be used 
as timer for enlarger.—D, R. Grafham, Time~ 
Delay Relay, General Electric, Syracuse, N.Y, 
No, 201.11, 1967, 


INI6S4 
- 
inti 
grat fi 
JUST 
SWITCH ‘i 3900 


F IN4009 
AC 
20 2Nn2647 
olen 
l20v 
60 CPS 
| ARC! 
o- 10 MS TO 10 MIN—Four-layer diode acts 
SERGE a) as self-latching pnpn switch that closes 
, ClO OR C35 (fires) when C charges to firing voltage 
1-$ A-C TIME DELAY—Requires only single through R. Delay time in seconds is 
ujt, oscillating much higher than asc fine 0,000006R, or 10 min if R is 100 meg. 
frequency so switching of scr’s is practically Relay remains energized until $ is opened.— 
from full on to full off. Time delay is de- J. McNellis, PNPN Switch Affords Wide Range 
termined by (R1 ++ R2)(C1 -+ C2), For greater Time Delay, Electronic Design, March 2, 1964, 
delay, increase C2.—Unijunction Circuit p 65-66. 
Hints,” General Electric, Syracuse, N.Y., Fig. 10. 
TO CRI JOR2 
LOA 
DP \Ge-xa |GE-x4 
a . 
Ri {00 mf 
foo IBV 
at-y— + ali 
(at) 5 WATTS ees 
Fi 
23 r CR? oh rR 
RS 
ae Out INGO hae 2200HMS | 6.8K 
500-W 10-MIN DELAY—Will ¢ - ; ON IN 
in N DELAY: i ven off solder. 33 200 V ne SLAY + DELAY. Ql ae R10 
g iron or clothes-pressing iron after ad- Cate ADJUST? R3 R6 GE-I0 : 470 
justable delay of up to 10 min after weight OFF on 5MEG  1MEG ee6 OHMS 
of iron in holder closes $I. This keeps iron CR-8 si 
sabe OFF, RS47K [4 
warm and ready for use within delay inter= GE- Ri2 =o 
val while eliminating fire hazard of forget- > x14 Toon 100, SCR| 
ting to turn it off when leaving. Can also vow ISV GE-X| 
be used for delayed turn-off of garage or | 4 INCREASE 
porch lights, or for turning on lamp or ap- DELAY Re tp eRe. 
pliance after similarly adjustable delay.— A CRE oO.) ¢ | ORMS 
“Hobby Manual,” General Electric, Owens- CR3 [CR4 GE-XI! ISV 
GEX4 [GEX4 4 


boro, Ky., 1965, p 142. 
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1-60 MIN WITH 5% ACCURACY—Fet fol- 
lower, ujt, and ser provide adjustable time 
intervals, determined by R, for recycling 
intervals of 5 to 10 min. R can be 12-posi- 
tion rotary switch having 12 values of R 
ranging from 350K to 20 meg. Value of T 
in minutes is approximately equal to 2.86 
times value of R in megohms.—E. B. Croson, 
Solid-State Timer Improves Recycling Accu- 
racy, Electronic Design, July 6, 1964, p 51-52. 


LOMEG 


+42y 


OUTPUT 


DETONATOR 


R-C ARMING OF FUZE—Used in T-171 radio 
proximity fuze for trench mortar shells to Le 
provide additional delay in electric arming 


after mechanical arming has occurred. 
Time delays up to 8 s can be obtained, de- 
pending upon size of arming resistor between 
anode of 2D29 thyratron and B= supply, 
Fuze cannot be tripped by input signal to 
thyratron until 0.95-uF detonator firing ca- 
pacitor has been fully charged by delay 
circuit after mechanical arming.—A. V. Astin, 
Editor, ‘‘Radio Proximity Fuzes for Fin-Stabi- 
lized Missiles,” Div, 4, NDRC, Vol. I, 1946 
{available from Clearinghouse, Springfield, 
Va), p 125—130. 


VARIAC 


TACHOMETER 
GENERATOR 


Le 


MOTOR ACCELERATION TIMER—Clock runs 


TIME STRETCHER—Modification of Shockley 
diode delay eliminates need for large ca- 
pacitor to give delays up to 30 min. When 
anode of D1 is tied to 42-V supply, Cl needs 
to supply only remaining 8 V of 50-V break« 
down voltage of D1. R1 can be as large as 
necessary to give desired RICI time con+ 
stant, and Cl proportionally small, D1 is 
4E50.—A. L. Plevy, Time Delay Stretched 
With New Bias Scheme, Electronics, Oct. 30, 
1967, p 72. 


SCR, 
2N1595 


until motor reaches rated or predetermined 
speed, at which time Q1 fires SCR1 and trips 
relays, to stop clock. Elapsed time is then 
used to calculate acceleration of motor. 
Motor with known speed is used first to 
establish trigger point of Q1.~R. Traina, Time 


Will Tell How Fast a Motor Revs Up, Elec- 
tronics, Nov. 28, 1966, p 82—83. 


TIMER CIRCUITS 


+10 tolay 


4 MS TO 32 MIN—Maintains 2% accuracy 
over wide timing range controlled by R2, 
with RI providing fine adjustment. Uses 
only low-cost components. Astable mvbr 
Q1-Q2 operates as variable-frequency pulse 


+H10V 


Qa 
2N2322A 


. 


R_ = 850 OHM 


Rs 
470 2k 


Ce 


Q, 
2NI671B 


generator that turns on Q3 on alternate half. 
cycles. QI charges CI to point at which 
ujt Q4 fires and generates output pulse.—A. 
J. Lim, Unijunction Improves Timing-Circuit 
Accuracy, Electronics, Oct. 30, 1967, p 69~70. 


40-S POWER-SWITCH DELAY—Modified  ujt 
trigger QI provides delay up to 40 s, de~ 
pending on values of RI and Cl, after 10-V 
source voltage is applied, before firing ser 
Q2 to apply power to load. Scr then re- 
mains on until 10-V source voltage 
moved. Temperature range is —30 to 100 
C.—A. M, Hildebrandt, SCR and UJT Form 
Time-Delay Switch, Electronic Design, Sept. 
13, 1965, p 82-83. 


is re- 


+13.5V 


Q2, 
2N3704 


Q3 
2N3704 


0.0047, tT 


1 $ TO 5 MIN—Potentiometer RI in fet cir- 
cuit determines time delay before relay pulls 
in after $1 is moved to TIME position. Dar- 
lington-connected transistors provide addi- 
tional power amplification to ensure fast 


pull-in of relay. Use of $2 with second tim- 
ing capacitor C2 increases versatility by pro- = can 
viding two timing ranges. Maximum cur- — Electronic 
rent drain is only 75 mA during actual 
timing interval, dropping to 0.5 mA _be- 


tween timing 


be used.—G, 1. 


Timer, 


1967, p 56-57. 


Jackson, 
Electronics 


intervals, so battery supply 


Wide-Range 
World, Nov. 
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C-W MONITOR—Self-contained three-transis- 

i tor circuit operating from single 1.5-V cell 

mo at Me 2 has sufficient output to drive speaker cons 

‘ ee nected in place of 100-ohm primary of TI. 

| jai ,* Only connections required are to terminals 
a 


on3\ 


To of transceiver keying jack, May also be used 
ack as code-practice oscillator.—A, D’Onofrio and 
P, Stark, A C. W. Monitor for Grid-Block 
Vf} Ose Keyed Transceivers, CQ, April 1965, p 62-63. 


Lo.L3.b5.™47nH, 2turns of Imm en.cu wire, 
internal diameter = 7m 


Receiver 
50m. 


Transmitter 
165-MHZ T-R SWITCH—Developed for mobile ica] 
application having transmitter power of 12 
W. Switching is done by BB105 variable- 
capacitance diode, During reception, D1 and 
D2 are reverse-biased and present high-Q 
capacitance, When transmitter is operating, 
these diodes are forward-biased and present 
only small resistance, Bias voltage is 13.8 
V, with polarity being reversed to change 
from transmit to receive.—J. M. Siemensma, 
Electronic Aerial Switch for Mobile Trans- 
ceivers, Mullard Technical Communications, 
dan, 1968, p 30-31. 


TRANSMISSION 


=) 
mm lt 
7 t_} ee 
AN 
2Ni191 INPUT 
(re 


RECEIVER 
ANTENNA 
OR COUPLER 


R= CHARACTERISTIC R, 
IMPEDANCE OF 
TRANSMISSION LINE 


= TERMINALS 


Qe 
2NI194 


T/R ACTUATOR—When protection circuit Q1- its C2:C3 and R2:470, K. C. Morton, R-f Signals 


characteristic 


impedance. This protects 


Q2 is actuated by r-f signal exceeding 1 V 
at predetermined frequency, relay is pulled 
in to ground transmission line going to re- 
ceiver, to terminate 
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receiving antenna in 


input stage of receiver, without using ex- 
pensive coaxial relays and disabling cir- 
cuits. Circuit can be made to operate at 
other r-f signal levels by changing ratios 


Actuate Transmit-Receive Switch, Electronics, 
June 12, 1967, p 103-104, 


Antenna 
30-19009 


weil 
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p SPKR,/MiC, 


XWTR/REC'VR 


50-MC CONVERSION FROM CB—Requires only 
addition of R-11 to parts furnished with low~ 
priced CB kit, for short-range communication 
(0.5 to 3 miles, depending on fixed station) 
in 6-meter amateur band. Book gives 
changes required in coils and crystals.—E. 
C. Pienkowski, Converting the Knight C-100 
CB Transceiver to 50 Mc, “The Mobile Manual 
for Radio Amateurs,” ARRL, Newington, 


Conn., 1968, p 218-219. 


al 


ik 3} a i 
Oo bey 
47K rons We? rock agp i ing x 65 
Sone 


LoKGINS 


Phones 


inase’s| 


tr 
tame Trop 
oo 


La 220 
‘NY, TONE 


= ce 


40-METER C-W TRANSCEIVER—Receiver sec- 
tion has sensitivity of 0.1 uV and transmitter 
has output of 23 W, operating from 28 V 


ry 


dec 


1900 


supply. 
superhet with no 
tuned circuits ahead of mixer to form 7-MHz 


ga age i ag 
ee 


Receiver 


r | ae, 7 ili 
eau 
ower = 
uve 


‘a 


bandpass filter. Oscillator is zener regulated 
to reduce warmup or temperature drift at 
5 MHz. If value is 2.105 MHz, Second 
detector is single-transistor oscillator-mixer 
followed by two direct-coupled audio stages 
having muting, side-tone injection, and addi. 


is single-conversion 
r-f stage but with two 


tional selectivity. Article describes opera- 
tion of entire circuit and gives construction 
details. Can be operated on 20-meter and 
80-meter amateur bands as well, simply by 
changing coils—J. $. Hill, A Compact 40 
Meter Transceiver, CQ, June 1966, p 22~27. 
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PORTABLE CALIBRATOR—Simple circuit can 
be used for checking frequency points in re« 
ceiver or transmitter up to at least 150 MHz. 
Article gives construction details.-W, M. 
Scherer, Harmonic-Rich 100 Ke Crystal Cali- 
brator, CO, Dec. 1965, p 28-30, 


XTAL OSC. BUFFER AMPLIFIER 


so, PY 
100 Ls S 


Qs 6 


100 OO1F 


50-MHZ TRANSMITTER SECTION—Modifica~ 
tion of earlier design uses transistors through- 
out, with power output depending on choice 
of silic transistors used for Q3 and Q4; 
possibilities are 27R131, 2N3553, and 2N- 
3866. Q1 and Q2 are 2N706 or equivalent. 
IC is Radio Shack 277-038 rated at 1 W. Y1 . T 


Black O 
is third-overtone 50.11~54 MHz = crystal. © i-watt White o — 3 
Book gives all coil and transformer data.— Js E | que sates 

E. P. Tilton, 50-Mc Transistor Transceiver, Mark © P Red 

fl, “The Mobile Manual for Radio Amateurs,” Black © 2 
ARRL; Newington, Conn., 1968, p 222231. Cs 


Q3 12V TO XMTR, PLA, 


sic 4 ni 
Qo ep) LL + 


sito) we 
NAY, ly 
180 nw A 
An oe ; 


3 01 


Ri R2 R4 uF 
3 13k aK 820 S100 82.5 a 47 24k 62k o10 


f ————-—— TO 10V KEYED 

TRANSISTOR PROTECTION~-Used in G-E solid- Jt types can be found in service manuals for 
state transceiver to protect r-f power tran-, this MASTR line of 450-MHz two-way mobile 
sistors over wide range of stress and fault Q3, whose emitter connects to battery radios.—C, Smith, A Protection System for 
conditions without affecting efficiency. High through L? at all times. Article describes Solid-State Transmitters, Electronics World, 


transmit current is carried and controlled by other protective actions in detail. Transistor Feb. 1969, p 38-39 and 77. 


TRANSCEIVER 


tidy, 


+14y, 
(To Xmtr.) 


Antenna 
Relay 


50-MHZ CONVERTER—May be used with any 
small receiver and small 50-MHz transmitter 
to give transceiver having reasonable power 
for portable operation in 6-meter amateur 
band while weighing under 5 Ib. Other 
crystals may be used for Y3 to provide cov- 
erage of any 1-MHz segment in or near 


50-MHz band, Transistors are RCA 40235 
silicon. Book gives coil data. $IB goes to 
transceiver switch. Operates from 12-V 


auto battery. Range is up to 100 miles in 
mountain locations.—E, P. Tilton, 50-Mc Tran- 
sistor Transceiver, Mark II, “The Mobile 
Manual for Radio Amateurs,” ARRL, Newing- 
ton, Conn,, 1968, p 222-231. 
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(To Audio 
Stages of Revr) 


° PROTECTING RECEIVER FRONT END—Circuit 
(Jo front-end ae 

of Rew.) delays application of supply voltage to re- 
ceiver section 0.6 s to prevent burnout of 
delicate transistors by residual radiation 
= from turned-off transmitter.—-R. Jayaraman, 
Delayed Switching for Transistor Receivers, 
CQ, Feb. 1970, p 39~40 and 98. 


MIXER 


: LOOPSTICK 


x2. 


ANT 


ee 


28c37i 
TEI conv. & Osc 


SPHR, 


v2 


SIARCELLE on REAR 
Him oe rie 


CB TRANSCEIVER—Seven-transistor portable 
transmitter-receiver operates on any of 22 dif- 


ferent frequencies in 27-MHz Citizens Band, 
depending on crystal used in transmitting. 
When receiving, unit operates like a-m radio 
except that intermediate frequency is deter- 
mined by separate crystal whose output is 


mixed with incoming signal to produce 455- 
kHz i-f signal. Talkereceive switch $1 is 
shown in receive position.—1R1007 Citizens 
Band Transceiver, Magnavox Service Manual 
6299, Fort Wayne, Ind., 1970. 
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ANTENNA 


$716 LD. 


ALL DIODES ARE 2N9I6. 
PART VALUES ARE FOR 


30 MHz OPERATION. CRIA 


10-50 MHZ DUPLEXER—AII diodes conduct in 
transmit mode, and none conduct in receive 


Ly, 4 TURNS IB, 


(s) RCVR 


CR3B 


mode, to give simple and low-cost transmit- 


receive switch 


supplies or switching signals. 


requiring no external 
Isolation is 


bias 


greater than 26 dB for 30-V peak signal.— 
R. Van Sickle, Simple Duplexer Requires Only 
Inexpensive Components, Electronic Design, 


July 5, 1969, p 80. 


30-76 Mhz 
ANTENNA 
502 


0.01 pf 


TRANSMITTER 


D-Dg, UNITRODE UM5200 


BRIDGE T-R SWITCH—With switch in RECEIVE 
position shown, current of 30 mA from con- 
stant-current source flows through diode 
bridge, forward-biasing diodes at 1.2 V. 


Receiver is then connected to antenna through 
1.2 ohms, With switch in TRANSMIT posi- 
tion, D5 and D6 conduct, grounding receiver 
input, while bridge diodes are reverse-biased 


XMTR. & ANT. 


T-R SWITCH 


PWR. SUPPLY tt 
(OPTIONAL) 
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TRANSMIT-RECEIVE SWITCH—Permits 


instant 
break-in during pauses in amateur c-w trans- 


missions. Eliminates need for antenna relay, 
because transmitter is connected all the time. 
Similarly, receiver is operating all the time, 
permitting monitoring of station interference 
during transmissions. Bock gives complete 
construction and operation data,—M. Lincoln, 
All-Electronic T-R Switch for Hams, “Bench- 
Tested Communications Projects,” Hayden 
Book Co., N.Y., p 22-25. 


RECEIVE 
TRANSMIT 


and open-circuited, so transmitter is un 
grounded and feeding antenna.—P, V. Wanek, 
Transmit-Receive Switch Exceeds 60-dB Isola- 
tion, Electronics, Aug, 18, 1969, p 93. 


NOTE: To locate additional circvits in the category of this chapter, use the index at the back 
of this book. Check also the author's “Sourcebook of Electronic Circuits,” published by 


McGraw-Hill in 1968. 
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QUTPUT 
Z*502 
400-MHZ MICROSTRIPLINE AMPLIFIER—Deliv- 
ers 15 W to 50-chm line, Correct bias is 
obtained without d-c blocking, as long as d-c 
impedance of source is above 50 ohms.—“‘Sili- 
con Power Circuits Manual,’ RCA, Harrison, 
N.J., SP-51, p 349, 


i 


Gi, C2, Cr = trimmer capacitor, 2 to 1B pF, Ri = 5.1 ohms, 0.5 watt, carbon 


Amperex HTIOA/218 or equiv. Notes: 
= 0.03 yF, ceramic disc 1. Broad = Vg" Teflon board {e = 2.46), Budd 
Cy = 470 pF, feedthru, Allen Bradley FASC or Co. Polychem Div., Grade 108T, 1 oz, double- 
equiv. clad copper, or equiv, 
Cs, Co = 0.005 pF, ceramic disc 2. Dimensions in inches. 
+25 
RFC RFC RFC vde [ol#F 


RFC RFC 
3.9UH 3.9uH 


LOL F 


capacitive coupling, with primary coil tapped 
to provide proper collector loading. Book 
8-W 240-MHZ C-W—Output stage is varactor 240 MHz using capacitive coupling. Idler 1. gives winding data for all coils.—“Circuits 
tripler that consists basically of three tuned circuit is series-tuned to 160 MHz. Input cir- z Manual,” Motorola, Phoenix, Ariz., 1965, p 
circuits, Output circuit is double-tuned to cuit is double-tuned to 80 MHz and uses 12-B~2. 
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225—400 MHZ POWER AMPLIFIER—Uses low- 
pass L-C ladder networks for impedance 
transformation. With 6 W drive, provides 17 
W output power across entire band with total 
output variation of 0.5 dB.—"Silicon Power 
Circuits Manual,” RCA, Harrison, N.J., SP-51, 
p 350, 
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te = 14 oH (includes inductance of input cou- Ni 


pling capacitor Cc) 


C, = variable capacitor, high-quality, 
double-bearing type, Miller 
23100 or 23050 or equivalent 
(See Table VII for value) 

C2 = 25-picofarad air-type trimmer 


capcitor; Hammarlund APC-25 
or equivalent 
C3C4Cs Ce = silver mica capacitors, 
300 volts (See Table 
VII for values) 


C; = 2200 picofarads, 300 volts, silver 
mica 
Cs = 0.05 picofarad, 50 volts or 


greater, ceramic disc 
Cs = 0.1 picofarad, 50 volts or greater, 


ceramic disc 
Cio Cis = 1500 picofarads, 500 volts, 
feedthrough type 


C12 = 0.025 microfarad,50 volts or 


greater, ceramic disc 


VFO—Variable-frequency oscillator is basi- 
cally Colpitts type, covering 1.75 to 9 MHz in 
five ranges each having different values for 
Lt and C1-C6. Each range is bandspread 
over almost all of tuning dial, for accurate 


ls = 8.5 nH 
ly = 5.6 nH 
ls = 10 oH 


le = 19.5 nH {includes inductance of output cou- 
pling capacitor Ce) 


‘ote: 
All fixed components measured at 400 MHz 


silicon rectifier, type 1N914 

J; = coaxial connector, chassis-mount 
vhf type 

L; = (See Table VII for values) 

Le = 2.5 millihenries, minature rf 

choke, iron core, Millen J300- 


2500 or equivalent 

Q: = MOS field effect transistor, 
type 3N128 

Qe = transistor, RCA 40245 

Q3 = transistor, RCA SK3020 


Ri = 22,000 ohms, 1/2 watt, 0% 

Rez = 12,000 to 47,000 ohms, 1/2 
watt, 10%; select for 2-volt peak 
output 

Rs = 12,000 ohms, ! /2 watt, 10% 

Rs = 820 ohms, 1/2 watt, 10% 

Rs = 47,000 ohms, | /2 watt, 10% 

Re = 240 ohms, |/2 watt, 10% 


calibration and resettability, Can be used 
with fixed or mobile amateur radio trans- 
mitter. Book gives construction details and 
values for all ranges.—“Hobby Circuits Man- 
val,” RCA, Harrison, N.J., HM-90, p 144, 
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3.40 —_—44 200-400 MHZ MICROSTRIPLIN 
TYPE E AMPLIFIER— 
ool . tt nies a a With 5 W drive, delivers 15 W across entire 
HE O01zF band with less than 1,5 dB output variation. 


@ou7 —"Silicon Power Circuits Manual,“ RCA, Har~ 
502 rison, N.J., SP-51, p 349. 


DIMENSIONS IN INCHES 


EXPONENTIAL +28V 
TAPER 


RCA Uo 


502 Psi2smw Pos l2w 


oO 


TY 
500 
INPUT 2N5108 


(IGHz) 


RCA Lig 


+Voco 
Ci, Cu, Cy, Ci = Variable capacitor, 0.3 to 3.5° 


pF, Johanson piston type or equiv, 
C; = 420 pF, feedthru 
t= As described in text 


Rn = 2.7 ohms, V4 W Ci = 3.35 pF 
RFC = 0.1 wH Cx, Ce, Cio, Car = 8.60 pF 
Sees tad 
‘ : . Ca, Cis = 
1-GHZ 1-W AMPLIFIER—Emitter is directly Go. Gis, Cas, Cat, Con = 7 — 100 pF 
connected to ground plane of stripline circuit 7 = 14 — 150 pF 
board. Power gain is 6 dB.—”Silicon Power Gr, is Caen ba: pF 
Circuits Manual,” RCA, Harrison, N.J., SP-51, Coo, Ca, Coo = 1500 pF 
p 361. 
Cis 
at li = 2 turns No. 16 wire, Ye” ID, 
4" long 
fo, Ls, ts = ferrite rf choke, Z = 450 
ohms 
TO OUTPUT OF ts, Le, Liar = rf choke, 1 4H 
COMPENSATING ks, Lr == 3 turns No. 16 wire, Ye” 
CIRCUIT ID, Ya” long 
2-T OuTeuT lo = 1¥%, turns No. 16 wire, 4” 
(502 1B, Ye” tong 
WUT NC bo = 2 turns No. 16 wire, Yu” ID, 
* long 
(50a) tain, Lis = 314 turns No. 16 wire, 
%” 1D, 3’8” long (slug tuned) 
Lis, ae, Liz = 2 turns No. 18 wire, 
Ye” 1D, Ya” tong p 
lis, Lio, boo = 2 turns No. 18 wire, 
Ci = Arco 426 of equiv. Ye" 1D, Ya" long 
Ca = Arco 427 or equiv. 
Cs = 80-480 pF, Arco 469 or equiv. 
Ci = 140-680 pF, Arco 466 or equiv. 
li = 3 turns No. 14 wire, 4” 1D, 12” tong = 
Le = 3 turns No. 10 wire, 2” ID, %” long lav 
ls = 3-¥, turns No. 10 wire, %” ID, 1” tong 
175-MHZ 35-W POWER AMPLIFIER—Incor- 
30-MHZ NARROW-BAND 100-W AMPLIFIER— porates matching networks and techniques 
Developed for use with 28-V mobile radio for avoiding low-frequency oscillation when 
supply, Uses RCA SSB developmental tran- operating from 12-V battery for mobile radio 
sistor,—"Silicon Power Circuits Manual,” RCA, application.—’Silicon Power Circuits Manual,” 


Harrison, N.J., SP-51, p 320. RCA, Harrison, N.J., SP-51, p 309. 
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27-MHZ CB TRANSMITTER—Straightforward 
design consists of modulator and transmitter, 
Number of tuning components is minimized. 
One section of double-pi network is peaked 
for maximum output, and the other is ad- 
justed to limit of 5 W d-c input to final 
amplifier, as required by FCC.—“Silicon 
Power Circuits Manual,” RCA, Harrison, N.J., 
SP-51, p 304, 


TRIGGER IN 


TO al 


MODULATOR 


60-S TRANSMITTER WARM-UP—Allows fila- 


ments in  pulse-modulated 


plied. 
ticle gives time delay equation. 


Ji 


c 
4 


> 


CITIZENS BAND TUNING MONITOR—Minia- 
ture illuminated S meter MI peaks when CB 
transmitter has good modulation and is tuned 
for maximum r-f output. Monitor can be 
permanently connected to transmission line. 
Book gives construction details.—H. Friedman, 
CB Tuning Monitor, “Bench-Tested Communi- 
cations Projects,” Hayden Book Co., N.Y., p 
48—50. 


transmitter 
warm up before modulation pulses are ap- 
Transistor types are not critical. 
With silicon 
transistors and tantalum capacitors, circuit: 
operates from —55 to +85C.—E, Rosenbaum, 
Sixty-Second Timer Allows Transmitter Warm- 
Up, Efectronic Design, Jan. 20, 1964, p 82. 


‘CRYSTAL 


+UTOIV 
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face 24 
aie 


ee as VIMOD) 


o> 


Ci = Arco No, 429 or equiv. 


ta == 11 turns No, 22 wire, 4” CTC 


La == 14:3 turns No. 22 wire, Ya" CTC coll form with ‘'green dot'' core, 
coil form with ‘‘green dot'’ core, 0,.5-0.9 nH, Q = 120 — 7 
0.75-1.2 #H, Q = 100 ly <2 7 turns No. 22 wire, 14” CTC 

Lo == 14:234 turns No. 22 wire, %4” coil form with ‘'green dot'’ core, 
CTC cait form with ‘green dott’ core, 0.23-0,384 nH, Q = 140 
Q.75-1.2 wH, @ = 100 RFCi, RFCo == 15 4H, Miller No, 4624 

or equiv. 
7” ~ "FINE IMPEDANCE ? 

O+24 / / 


to 


Ar- 


MATCHING VERTICAL 


LOOP—Depends on 
switching of low-loss fixed mica capacitors 
and variable air-dielectric capacitors instead 


of customary taps or links. High-impedance, 
low-value capacitor is divided into two equal 
sections to provide close balance with respect 
to ground and thereby permit higher volt- 
ages. Used with equilateral octagonal port- 
able vertical loop antenna having 5-foot 


1500 pt 2 


I 


2250pt 3 


/ 


3000 pt 4 


I 


3750 pt 8 


I 


COARSE 


Sy 
IMPEDANCE 


4500 pt 6 
O 


5250 pt 7 


I 


6000pt 8 


I 


6750pf 9 


I 


7500 pf_10 


I 


8250pf 11 


I 


sides, in jungle locations where minimum 
height of conventional long-wire, dipole, or 
thombic antenna would have to be at least 
40 feet for comparable performance, Will 
work in ham bands if military-quality capac- 
itors can be obtained.-K. H. Patterson, 
Down-To-Earth Army Antenna, Electronics, 
Aug. 21, 1967, p 111-114. 
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2N1132 
2N3298 


2N2832 
1 CY) = 
3000-5000 | 
pf 
02 uf 
aE | Modulation 1 Ke. 
RFC, = 200 wh +12 Vde, 1 ut 
F ‘ 10 pt 
Ty, Micro-Metals Toroid Core L B LT 


T-50-2 Bifilar 
Ty, Pri. 40 T, #28, 1/4” ID Slug Tuned Form 
Sec. 8 T, #28, Wound over Pri, 


20 W AT 2.18 MHz—Designed for marine-band 7-W modulation power from 10-ohm source. 
radiotelephone use, Consists of crystal oscil. —”Circuits Manual,” Motorola, Phoenix, Ariz., 
lator, driver, and output stage. Requires 1965, p 12-1-2. 


TO ANTENNA 


US VAC 


5-W ONE-TUBE C-W—Uses 6AW8-A triode- 
pentode. Can be operated on 160, 80, 40, coils for LI. Diodes DI-D4 are 750-mA 400- construction details.—E. N. Noll, One-Tube 
"and 20 meter bands, by using appropriate piv silicon. C1 is 10-365 wu and C2 is 100— 5-Watter, “Bench-Tested Communications Proj- 
crystal frequency and appropriate plug-in °580 puF mica trimmer. Book gives complete ects,” Hayden Book Co., N.Y., p 31-33. 
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2N2832 


1400-3000 
pf. 


40 W at 2.18 MHZ--Requires 2.18-MHz car- 
rier signal from standard crystal oscillator 
and 18-W modulation power from 5-ohm 
source. Feeds into 50-ohm coaxial trans- 
mission line.—“Circuits Manual,’ Motorola, 
Phoenix, Ariz., 1965, p 12-1-4, 


RFC = 200uH 


(2) 2N2832 


+12 Vde. 


ale MODULATION 


Th Ty: Micro-Metals Toroid Core T~50-2 Bifilar 


16K 


OSCILLATOR 
2N3298 


TRIPLER 
MM1941 


DRIVER 
MM1943 


0.5-W 240-MHZ C-W—Operates from 12-V 
storage battery with total current drain of 
180 mA, Oscillator is common-base crystal- 
controlled Hartley delivering about 15 mW of 


power at 80 MHz to tripler stage. Final is 
zero-biased class C loaded by double-tuned 
close-coupled transformer with impedances 
ranging from 25 to 100 ohms. Book gives 


winding data for all’ coils.—Circvits Man- 
val,” Motorola, Phoenix, Ariz., 1965, p 12- 
7-2, 


TRANSMITTER CIRCUITS 


PyysSmw O0OS 
K F 


ALL CAPACITOR VALUES ARE 


PouTsiw 
ATI56 mH 


IN PICOFARADS UNLESS 
OTHERWISE SPECIFIED 


ALL RESISTORS 1/4 W 


Li, bs 102 turns No, 22 enamel wire, close- 
wound, 10/32” slug tuned coil forms 15/64” 
OD, shield can Ya" x Yo" x 1%; slug = 


carbonyl §.F. of equiv. 

hap hi 3 4% turns No. 22 enamel! wire, close- 
wound, 10/32” slug tuned coil forms 15/64” 
QD, shield can Yu" x Ya" x 1% slug = 
carbonyl S.F. or equiv. 

ks, Lo =: 1% turns No. 20 B.T., 14” long, close- 
wound, 10/32” slug tuned coil forms 15/64” 


50 W AT 50 MHZ—Operates from 12-V auto 
storage battery, using three transistors in 
parallel and three chokes per stage for tran« 
sient suppression.—"Silicon Power Circuits 
Manual,” RCA, Harrison, NJ, SP-51, p 307. 


OD, shield can 1/2” x 12” x 1"; slug-carbonyl 
S.F.’or equiv. 

Lr = 2% turns No. 20 B.T., 14” long, close- 
wound, 10/32” slug tuned coil forms 15/64” 
OD, shield can 2" x Ya” x 1% slug = 
carbonyl S.F. or equiv, 

La =: 2 turns No. 20 B.T., 3/16” D, 3/16” long 

RFC = 4 turns No. 30 enamel wire, ferrite bead, 
Ferroxcube No. 56-590-65/4B or equiv. 


G, Ca = 65 — 340 pF 
Co, Cr = 100 — 560 pF 

, Co, Cr = 1000 pF, feedthru 
Cz, Co, Cio = 1800 pF ceramic 
Ci. = 0.2 pF ceramic i P 
iy Le, to = 2-Yp turns No. 16 wire, ¥2” 1D, 


4" long ; 
tate, te == 3-Y, turns No. 18 wire, y,” 1D, 
Y~_" tong . 
L7, to, lo = 4 turns No. 14 wire, %,” ID, 
Wy” long 


== ferrite choke. z= 450 ohms . 
Note: For coils Li—Ls, use General Ceramics Co. 


Qe material (%4" — 28 x Ye") or equiv. 
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156-374 MHZ MARINE-BAND MULTIPLIER- 
AMPLIFIER—Delivers 1 W to antenna (maxi- 
mum power Specified by FCC for harbor 
communications), Can be operated any- 
where in band without retuning, simply by 
changing crystal frequency of exciter section 
{not shown). Consists of three frequency 
multiplier stages using 40637 transistors, 


followed by power amplifier stage.—“Silicon 
Power Circuits Manual,” RCA, Harrison, N.J., 
SP-51, p 297. 
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Ly OSC TANK,IOT Gl Ot 


DOUBLE-SIDEBAND CB—Parallel-fed push-pull 
transistor output stage suppresses carrier of 
Citizens Band transmitter, giving greater 
operating range. Used in 100-mW 11-meter 
transceiver.—L, E, Geisler, Transistor Trans- 
mitter Has High-Level DSB Modulation, ‘400 
Ideas for Design Selected from Electronic 
Design,” Hayden Book Co., N.Y., 1964, p 
30. 


TO TRANSISTOR BASE 


TO ANODE OF DIODE 


30-MHZ LINEAR AMPLIFIER—Output voltage NEXT 


of d-c differential amplifier serves as bias 
source for power transistor. Two additional 
stages provide current amplification, with 
negative feedback for stability. Uses RCA 
SSB developmental transistor-diode package 
(shown in accompanying block diagram) for 
temperature compensation, to give reliable 
operation over wide temperature range as 
class AB amplifier.—“Silicon Power Circuits 
Manval,” RCA, Harrison, N.J., SP-51, p 318. 


INPUT 
MATCHING 
NETWORK 


BIAS 
CONTROL 
AMPLIFIER 


Cyar = 4-29 pF 


Aweur STUB 


| _/ 200ome 
FILTER 


SLIDING SHORT 
STEP RECOVERY DIODE 


S-BAND MULTIPLIER—Use of step recovery 
diode gives efficiency greater than 10%, 
which is better than with varactor diode as 
frequency multiplier, Article gives circuit 
design criteria. Output filter is six-resonator 
interdigital structure with 20-MHz bandwidth 
and 2-dB insertion loss. Input of 100 MHz 
is multiplied 20 times to give 2 GHz output.— 
R. Hall, Harmonic Generators: Is the Step 
Recovery Diode Best?, Electronic Design, Jan. 
18, 1965, p 28-33. 


2N3632 Benn 


175-MHZ POWER AMPLIFIER—Circuit is ex~ 
ample of design procedure for optimizing 
input and output matching networks for rf 
power transistor, Maximum power output is 
13.5 W, Causes and cures for spurious oscil- 
lations are covered. Appendix gives, deriva- 
tions of design equations.—J. Mulder, On the 
Design of Transistor R. F. Power Amplifiers, 
Electronic Applications, Philips, Pub. Dept., 
Elcoma Div., Eindhoven, The Netherlands, Vol. 
27, No. 4, 1966-1967, p 155-171. 


RFC 


OUTPUT 


OUTPUT 
MATCHING 
NETWORK 


LOW-CONDUC TANCE = 
COMPENSATING DIODE 
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Fo 
OUTPUT 
(80 Q) 


TYPE 
2N5070 


2-30 MHZ LINEAR POWER AMPLIFIER—Wide- INPUT 
band amplifier has power gain of over 40 (50a) 
dB and delivers 5 W pep output for 28-V 
mobile appfications.—“Silicon Power Circuits 
Manual,” RCA, Harrison, N.J., SP-51, p 321. 


Ti, Tz = 18 turns twisted pair. No. 28 enamel Ts c= 50 turns No. 30 enamel wire on CF 102 
wire on Qi CF 102 form Qi form 


58a 
MICROSTRIP 
1174" LONG Pour =5W 


TO 2 2N3733 a0 pF tae 2 
MIGROSTRIP “60 pF} (50 @) 375-MHZ STRIPLINE AMPLIFIER—Delivers 5 W 
Pinel.5 W 11/4" LONG for military a-m voice communication systems, 
SOURCE 


Transmission-line elements are constructed 
from 14-inch Teflon fiberglass microstrip 
board. Ferrite choke in transistor base re- 
turn provides low-frequency stability.—“Sili- 
con Power Circuits Manual,” RCA, Harrison, 
N.J., SP-51, p 347. 


Cig 235002 -— 
PomW 40382 tO 
50 TYPE 
4 4 2N3866 
| c Le 
7e R C20 
| 
ce 1 m Mapes 
ca 
Cg 
type Ot 
lL 1N3193 cir 
rd Cs 
+Voc IN3I93 +MOD.Vec 
2.5V 12.5V 
C1 = 330 pF, Arco S.M, or equiv. le = 5 turns aes 3 wire, 13/64” 1D, close 
= 0, F, i wound, tapped at 2 turns : : 
é, iene Cn Gr = 1000 pF, feedthru La = 6 turns No. 22 wire, 13/64” ID, interwind 
118-136 MHZ AIRCRAFT RADIO TRANSMITTER Cs, Co, Cre, Cia == 0.05 nF, ceramic with Li on IRN-9 core materia ; ae 
—Requires no retuni r7 band Cy = 50 pF, 5%, Arco S.M., or equiv. Li = 4 turns No, 22 wire, 13/44” ID, interwin 
quires no retuning for band coverage. Ci.'cis, Cas = 82 pF, 5%, Arco S.M., or equiv. with Laon IRN-9 core material 
Push-pull output stage delivers 40 W pep. xe, Cis; Cio = 150 pF, 5%, Arco S.M., of equiv. ts = 5 turns Ne. 22 wire, 19/64” ID, center- 
All stages are amplitude-modulated.—“Sili- pet raed capacitor, B-10-60 pF, Arco 404 tapped ity. 22 wire, 13/64” ID, interwind 
con Power Circuits Manual,” RCA, Harrison, iy = 7 turns No. 22 wire, 13/64” ID, 9/16" tong, with Ls i GiciGudicbariox 
N.J,, SP-51, p 329, tapped at 1.5 turns RFC == 1 turn No. 28 wire, ferrite bead, 


cube No. 56-590-65/48 or equiv. 
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CRYSTAL Qi 
MIKE MIKE RS 


Fietd Effect Transistor HEP 802 
NPN Silicon Transistor 

1,000,000 {2 Resistor 4% Watt 10% 
22,900 {2 Resistor 4 Watt 10% 

4,700 §2 Resistor % Watt 10% 

47,000 2 Resistor % Watt 10% 
470,000 {2 Resistor % Watt 10% 

10 WFD 12 Volt Electrotytic 

220 PF Disc Ceramic 

10 PF MICA 


A-M WIRELESS TRANSMITTER—High imped- 
ance of fet input stage of audio amplifier 
provides proper match with crystal mike. 
Driver Q2 modulates Hartley oscillator Q2 
for feeding short antenna wire connected to 
four turns of hookup wire wound around 
adjustable ferrite antenna coll LI, Operates 
from two 9-V transistor radio batteries in 
series, Tune a-m radio to quiet spot, then 
adjust L1 until voice at mike is picked up. 
Range is one or two rooms in home,—”Calec- 
tro Handbook,” GC Electronics, Rockford, IIl., 
FR-69-C, p 46, 


Qi Transistor, FET, N Channei HEP 802 
Q2 NPN Silicon Transistor HEP 55 
R1 1 MEG Q Resistor % Watt 10% 

R2,R25 4,700 {2 Resistor % Watt 10% 

R3 10,000 2 Trim Pot 

R4 10,000 $2 Resistor % Watt 10% 

R6 330 (2 Resistor % Watt 10% 

C102 10 RFD 12V Electrolytic 

C3 001 RFD Disc Ceramic Capacitor 

C4 10 uF D MICA Capacitor 

cs 15.7 5 PF Variable Capacitor 

C6 10 PFD MCA Capacitor 


F-M WIRELESS TRANSMITTER—High imped- 
ance of fet input stage of audio amplifier 
provides proper match with crystal mike. 
QI frequency-modulates single-transistor os» 
cillator tunable over 88—108 MHz f-m band. 
Ll is four turns of wire wound on pencil 
and spaced half-inch apart. C7 is two short 
pieces of insulated wire twisted together, 
C8 is 0.01-uF disc capacitor, and BI is 9-V 
transistor radio battery. Normal setting of 
modulation control R3 is mid-position. Tune 
f-m receiver to quiet spot, then adjust C5 
until voice at mike is heard.—Calectro Hand- 


book,” GC Electrottics, Rockford, IIl., FR-69-C, 
p 46. 


TO MODULATOR 


ions 


6 turns of #22 on 1/4" dia, 


L, - 
L, 7 4 turns of #22 on 1/4" dia. 
2 ‘ji ; 2 W FOR CITIZENS BAND~27-MHz crystal 
L, ~ 3 turns of #20 on 3/8" dia. oscillator feeds driver and single-transistor 
3 ; output stage. Requires 1.5 W audio input 
L, ~ 4 turns of #20 on 3/8" dia. power to provide minimum of 80% modula- 
NZ tion. Modulation distortion is less than 5%. 
rT . Q5 MONRO ENED SE —"Circuits Manual,” Motorola, Phoenix, Ariz., 
Q, Motorola 2N2950 1965, p 12-2-2. 


TRANSMITTER CIRCUITS 


Ci, Cs, Ce, Cr = 3-35 pF 
Cs, Ci, Cea, Ce =z 8-60 pF 
Co, Cu, Cia = 0,03 pF 
Cro, Caz, Cis = 1000 pF 
li, Le = 3 turns No. 16 wire, Ya” 1D, 14” long 
Le, ls o= ferrite choke, 2 — 450 ohms 

Ls == rf choke, 1.5 wH 

da, ly == 4 turns No. 16 wire, 4” 1D, %” long 
bo = rf choke, 1.0 pH 

ls = wire-wound resistor, R = 2.4 ohms 


A-M WIRELESS MIKE—Can be operated le- 
gally if antenna is no longer than 10 ft. 
Tune radio to dead spot, then adjust C1 and 
RI until voice at mike is heard, Use 1.25-V 
dry cell for BI and 45-V or 90-V battery for 
V2. Cl is 150 pF, RI 750K, and LI 205 
turns No. 24 enamel on Y-inch coil form.— 
R. M,. Brown, “104 Simple One-Tube Projects,” 
Tab Books, Blue Ridge Summit, Pa., 1969, p 
102. 


f2v SWITCH 


lov TO CONTROL CIRCUIT 


CRYSTAL MIKE 
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35-MHZ 6-W NARROW-BAND A-M_ TRANS- 
MITTER—Modulator requires 6 W audio 


power, because transmitter has total of 12 W 
d-c¢ input power from 12-V mobile storage 
battery, Developed for aircraft radio ap~ 
plications.—“Silicon Power Circuits Manual,” 
RCA, Harrison, N.J., SP-51, p 327. 


lio == 5 turns No. 16 wire, %” 10, V4" long 
R, == 220 ohms 
Re = 180 ohms 
SR = IN2858A 


ANTENNA 


TRANSMIT 
vt FREQUENCY 
ADJUST 


GAIN 
CONTROL 


SPIKE REGULATOR—Used in G-E 450-MHz 
solid-state mobile radio to suppress voltage 
spikes caused by antenna mismatch, exces~ 
sive temperature, high input voltage, or 
short on 12-V transmitter supply. Regulator 
is part of complete protection system de- 
scribed in article—C, Smith, A Protection 
System for Solid-State Transmitters, Electron- 
ics World, Feb, 1969, p 98-39 and 77. 


PTT HIGH 
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28 Vdc 50-W 50-MHZ THREE-TRANSISTOR—Uses only 
three stages, one of which is low-level Col- 
pitts crystal oscillator. Provides continuous 
power output, with 27 dB combined power 
gain for driver and final stages. Provisions 
for keying or frequency modulation may be 
added. Report gives design approach for 
optimizing performance of each stage. Cir 
cuit is suitable only for f-m or c-w, not a-m. 
—R. C. Hejhall, A 50 Watt 50 MHz Solid-State 
Transmitter, Motorola, Phoenix, Ariz., AN- 
246, 1967. 


§.6 eH RFC 
3.9 nH RFC 


0.005 nF AS 


0.058 «H 


PyzLOw PozllL5w 
Z=500 €) 2-500 
156 MHz 156 MHz 
156-174 MHz MARINE-BAND POWER AMPLI- 
FIER—With 1-W f.m power applied to input 
of driver, output stage delivers over 10 W 
to 50-ohm transmission line.—“Silicon Power c., ce, Ca, Ca, Cs, Co, = Arco 404 or equiv. Ls, bi == 1Y2 turns No. 20 wire, 4” ID, 3/32” 
eul ” . 7 7, Co = 0.022 uF, 25 V lo 
Cirevits Manual,” RCA, Harrison, N.J., SP-51, Cs, Cio = 1000 pF, ceramic standoff Ls 23 turns No. 18 wire, V4" ID, 5/16” long 
p 298. li, ls = 1 turn No. 20 wire, 14” ID, 3/32” long RFC = 4 turns No. 30 wire, ferrite bead Ferrox- 
cube No. 56-590-65/4B or equiv. 
7 2W 
Q 509 
luh Q2 2N2950 


Ql RFC MM1306 002 

a Ae 2N1142 0.001 uf “af 
509 on 

RFC 

lah 

0.001 
ut 
+25 Vde 
4-30 
pf 


Ll = 27 #20 1/2" 
O.Luf O.lef Olaf L2 = 1T #20 3/4" OD 
L3 = 3T #14 3/8" ID 

I L4 = 2T #14 3/8" ID 
2-W 160-MHZ DRIVER AND FINAL—Three- fair stability without neutralization. R-f mize possibility of circuit oscillation at some 


transistor output circuit provides overall gain choke that provides zero bias for Q2 should lower frequency.—"Circuits Manual,” Moto- 
of 23 dB. QI operates class A and provides be as small as possible electrically to mini- rola, Phoenix, Ariz., 1965, p 12-6-2. 
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TYPE 
2N5016 


SOURCE 
{50 Q) 


PIN 


FOR 225-MHz OPERATION 
F 


Ci = 4-40 p 

Ce -100 pF 

Cs 3-35 pF 

lore 8-60 pF 

Cs 1500 pF, feedthry 


Co = 0.01 pf, dise ceramic 
1.3 turns No. 16 wire, %” ID, 3%" long 


le = ferrite choke, Z = 750 ohms 

la = rf choke, 0.44 yH 

ls = 4 turns No. 16 wire, 14” ID, 0.3” long 
Ri == 0.68 ohms, wire wound, 1 watt 


400-MHZ POWER AMPLIFIER—Delivers over 
15 W at 400 MHz and over 20 W at 225 
MHz. T network matches 3-ohm input im- 
pedance of transistor to 50-ohm source 
impedance, and pi network matches output 
to 50-ohm load.—“Silicon Power Circuits Man- 
val,” RCA, Harrison, N.J., SP-51, p 348, 


ANTENNA VV 


cl 
365pt 


CARBON 
MIKE 


OSCILLATOR DOUBLER DRIVER-L 


1.5-W 120-MHZ AIRCRAFT—Uses 60-MHz crys- 
tal oscillator to feed frequency-doubling am- 
plifier stage @Q2. Both driver and output 


DRIVER-2 


stages are collector-modulated in order to 


obtain 100% modulation. 
2N2950 and all other transistors are 2N2951. 52. 


C3 


La LOAD 


Voc? 28V 


FOR 400-MHz OPERATION 

Cr, Cs = 1.5-20_ pF 

Ce, Cs = 3-35 pF 

Cs == 1000 pF, feedthru 

Co = 0.01 pF, disc ceromic 

fr = 1.3 turns No. 16 wire, Ya” ID, Y%4” long 

la = ferrite choke, 2 == 750 ohms {or 0.12-pH 
choke) auacaal 
== rf choke, 0. m 

L = 3 turns Yo" x Ya” copper ribbon, %_" ID, 


2" long 
Ri = 0.68 ohms, wire wound, 1 watt 


WIRELESS MIKE—Tune to dead spot at low 
end of a-m broadcast-band receiver. An- 
tenna length is limited to 10 ft by law. If 
not heard, try reversing connections to L2. 
LI is No. 7/41 Belden Litz wire wound 
closely in single layer to within % inch of 
ends of 7-inch by 0.33-inch ferrite rod. 12 
‘is 35 turns of No, 24 enameled wire wound 
directly over L1,—“A Modern Transistor 
Workbook,” Radio Shack, Boston, Mass., 
1965, p 13. 


DRIVER-3 OUTPUT 
Book gives coil-winding data.—“Circuits Man- 


Q5 and Q6 are ual,” Motorola, Phoenix, Ariz., 1965, p 12 
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Ot |2¥ 


Pie 
= en eke feo 7 ke 150-MHZ NARROW-BAND OUTPUT STAGE— 

R= 50n For use in battery-operated portable trans- 
mitter where good gain and high efficiency 
are important. Uses ZT3866 uhf transistor in 
switching mode. Second harmonic suppres 


aseson ui 


es sion is excellent. Current drain is 155 mA. 
Report gives design equations.—A Low Power 
aie High Efficiency Output Stage Using ZT3866 
= Transistors, Ferranti Ltd., Oldham, Lancs., 
Cis Car Oe — Ce 3 - 30pF trimmer England, Application Note 37, Dec. 1968. 
ery LS50CpF feedthrough 
Ly 4T, 6.3mm I.D. 1.2mm T.C.W. 10mm long 
Le 0.47yH Cambion Choke type 3640-i3-2 
Le 0.15uH Cambion Choke type 3640-1-2 
Lay Ls 0.22uH Cambion Choke type 3640-5-2 


CB CHANNEL LOCATOR—When _ third-over- 
tone Citizens-Band crystal for desired channel 
is inserted in oscillator, L1 will radiate that 
frequency to receiver for quick location of 
that channel. Adjust RI initially, without 
crystal, until milliammeter in series with 
battery shows 0.2 mA, then insert crystal 
and adjust C3 for maximum signal at re- 
ceiver. LI is B&W 3003.—”A Modern Tran- 
sistor Workbook,”. Radio Shack, Boston, 
Mass., 1965, p 17. 


RFC RFC RFC +25 Vde 


5.5-18 2N2951 
2.7K f 


10-W 76-MHz C-W—Operates from 25-V dec Book gives coil-winding data.—"Circuits Man- 
supply and feeds into 50-ohm coaxial line. ual,” Motorola, Phoenix, Ariz., 1965, p 12- & 
Requires 6-mW input power. Output stage 4-2, 

draws 600 mA and driver stages 166 mA. 
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2N3961 


FR 1000 


Ly - GB nh, 6 Turns #18 Tinned Wire, 
Ly > 22 nh, 2 Turns 418 Tinned Wire, 
Lg - TS nh, 4 Turns “14 Taned Wire, 1 
Lg > 85nh, 3 Turns 14 Tinned wire, 3 


REC 
igh 


"LD. 12" be 


9/32" 1D. 1/4" Ly 
AAD, 8 


8" 1D, 38" Lb. 


a5 nh 3-80 OUTPUT 


15 W at 160 MHZ—Provides 30.5 dB power 
gain with only three transistor stages. Re- 
port shows how input-output admittance 
data in network design is used to optimize 
performance of each stage. Addition of 
appropriate oscillator, buffer, and multiplier 
stages would give complete f-m or c-w 
transmitter. Not intended for a-m operation, 
Requires 13-mW power input.—R. Hejhall, A 
160 MHz 15-Watt Solid-State Power Ampli- 
fier, Motorola, Phoenix, Ariz., AN-214, 1967. 


891 


RF OUTPUT 
TRANSMISSION LINE 
DIRECTION COUPLER 


3 


l20V 

400 CPS 
R-F POWER OUTPUT CONTROL—Used in servo- 
tuned a-m fsk 225—399.95 MHz transmitter to 
maintain power within 10% of present value, 


2 STAGE 
RC 
COUPLED 
VOLTAGE 
AMPLIFIER 


between 200 and 250 W, over entire tuning 
range. 1N21B diode in directional coupler 
rectifies r-f output sample. Secondary of 
filament transformer chops off half of each 
input cycle at 400-Hz rate. CR3 and CR4 
form second chopper~a shunt gate that al- 
ternately blocks and passes when input error 
signal is positive to indicate low power. 


MODULATION 
TRANSFORMER 


TO 
4CX2508 
SCREEN 


For excessive power (negative error signal), 
output of second chopper drops to zero. 
Power correction is made automatically by 
varying voltage at screen of 4CX250B driver 
over range of 50 to 120 V.—J. H. Davis and 
B. van Sutphin, Automatic Carrier-Level Sys~ 
tem Controls 250-Watt Transmitter, Electronic 
Design, March 16, 1964, p 78—81. 


NOTE: To locate additional circuits in the category of this chapter, use the index at the back 
of this book. Check also the author's “Sourcebook of Electronic Circuits,” published by 


McGraw-Hill in 1968. 


CHAPTER 92 
Triangular-Wave Generator Circuits 


+100V0 aS | | (a) 


POSITION 1~.4 Hz 


LOW-FREQUENCY TRIANGULAR-PULSE NEON 
—May be used as time base for any slow- 


scan device requiring equal trace and re- 
trace time. 500K controls may be ganged 
for frequency control, or isolated for lin- 


earity adjustment.—W. G. Miller, “Using and 
Understanding Miniature Neon Lamps,” H. 
W. Sams & Co,, Indianapolis, Ind., 1969, p 
47, 


POSITION 2 - 4Hz 


POSITION 3-40Hz 


INT46A 
33V 


§N270 


CR4 
IN270 


IN752A 
5.6 Vv 


Q3 
2N2222A 


CRE CR7 
IN270 IN7SIA 
5.AVv 


SUBAUDIO TRIANGULAR WAVES—With to 0.05 Hz with R7. Wave shape is good.— erator Has Just a Few Components, Electronic 
values shown, output can be adjusted down N. M. Nekomoto, LF Triangular Wave Gen- Design, Nov. 22, 1967, p 105. 
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TRIANGULAR-~WAVE GENERATOR CIRCUITS 


UNIVERSAL WAVEFORM GENERATOR—Com- 
bination of six OE! iC modules provides 
choice of six different output waveforms, 
with frequency determined by 10-nF capaci- 
tor and 150K resistors in oscillator using 
first 9125 opamp as switch with hysteresis 
and second as integrator driven by current 
having polarity determined by switch and 
diode bridge. All waveforms are symmetri- 
cal about common output except triangle. 
Diodes are 1N914 of similar—A Square/ 
Triangle/Sine/Cosine Waveform Generator, 
Optical Electronics, Tucson, Ariz., No. 10116. 


TRIANGLE 
WAVE OUT 6 


+ 


GND 


- 15 Volts 


2- 
AN753A 
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TRIANGLE 


+15V 


+ 15 VoltsC) 


© 
COSINE 


10 K 
INVERTED 
; 51K SINE 
+ 100K 
MWV-9-— 
400 K INVERTED 
Ey COSINE 
2 16 
51K 


0.01 HZ—200 KHZ TRIANGLE AND SQUARE 
WAVE—CI determines frequency. Triangu- 
lar linearity is excellent. Q3 and Q4 form 
differential amplifier with constant-current 
generator Q6, Positive feedback through 
buffer Q2 makes differential amplifier act 
as threshold detector having high hysteresis, 
R8 controls symmetry.-W. E. Peterson, Inex- 
pensive Generator Produces Triangle and 
Square Waves, Electronic Design, March 15, 
1970, p 208 and 210, 


Q2 
2N3638 


SQUARE 
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ELECTRONIC CIRCUITS MANUAL 
100k S2 
(&) ezvse-c3v3 
te 
TRIANGULAR AND SAWTOOTH—Uses three 
Philips TAA241 difference amplifiers, with Al 
Tk P 
BAX'6 connected as integrator that feeds A2 con- 
100 pF nected as comparator, A3 merely serves to 
invert output voltage of A2 so it is fed to 
Al in correct phase. Circuit normally pro-« 
vides triangular output waveform. To get 
sawtooth, input resistor of integrator is 
shunted by diode and resistor in series, as 
‘ shown by dashed lines.—J. Cohen and J. 
Oosterling, Applications of a Practical D, C. 
Difference Amplifier, Philips, Pub, Dept., El- 
coma Div., Eindhoven, The Netherlands, No. 
321, 1968. 
+19V 
O 
R7 
47k 
R2 R3 
20k 1Sk c3 Ril 
an [aes 9k 
R4 
ee, 25..F NV\ 
ar 
UN @N3905 
MMU © OUTPUT 
(+) a3 
| MP FIO3 
a | \b 
O.0\uF 
c4 DI be 
+= IN457 IN457 
25uF 
RO RIO 
{00k 100k Rl2 
Ri {00k 
(Ok 
R5 R8 
Cl ak. Q2 27k RE 47k 
OOF GE: 10M RIB 
DIST ie 
O 
SAWTOOTH TO TRIANGLE—Sawtooth output cellent symmetry and linearity—H. Cohen, 
of ramp function generator Q1-Q2 is in- Triangular Waveform Generator is Simple Yet a 
verted by fet Q3 and converted into triangle Effective, Electronic Design, Oct. 25, 1969, p = 


waveform by DI and D2. Output has ex- 


111 and 113, 


TRIANGULAR-WAVE GENERATOR CIRCUITS 895 


22m 6.8 m 


“t2y 
at 
CLIPPER 
C's IN PF, ing {im 
UNLESS NOTED 
“120 Oo 

THREE WAVEFORMS AT 0.004 HZ—Three IC 
opamps, connected as clipper and two in- eshte eee 


verters, give choice of square-wave, triangu« 
lar-wave, and parabolic waveform approxi- generator. Pot controls output amplitude, form Generator Uses 3 Op Amps, Electronics, 
mating sine wave, for universal subaudio A, D, Delagrange, Low Frequency Wave- April 14, 1969, p98, 


EMITTER FOLLOWER MODIFIED SCHMITT TRIGGER CURRENT SWITCH 


+12V Hey rev 


4.2Vv 


INSB25A 


IK 
(NEG, SLOPE) 


25K 
(FREQ. ADJ) 


Sic 


Rui 


Re) 
(HIGH FREO.TRIM} {LOW FREQ. TRIM) 


50K] SOK) SOK) 50K} 50K 


jst) 
| 
meme 4 
10 HZ-5 MHZ AT STABILIZED 1 V—Reduces quency bands, with Rf providing tuning in quency and shaft rotation.—J. P. Belton and 


true triangular wave with 1% linearity over each band. Hyperbolic resistance curve for 8. E. Packham, Wide-Range Triangular-Wave 
entire range. SI gives choice of six fre- RF gives straight-line relation between fre- Generator, EEE, March 1967, p 96 and 98. 
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cRi cR2 


+16 TO 28V ee ei 
ie} 

TRIANGLE-SQUARE WITH ONE IC—Uses 

on Burroughs dual 1709 opamp package MC~ 


1437P, with opamp AT serving as level-de- 
tecting switching amplifier for generating 
square waves, and opamp A2 connected as 
integrator for generating triangular waves 
with excellent linearity. CY determines fre- 
quency range, which is 8 to 120 kHz for 500 
pF and 400 to 10,000 Hz for 0.01 uF. Out. 
put has constant amplitude to over 50 kHz. 
—J. F. Kingsbury, Single IC Forms Wide- 


ur ~~ 100 pF Range _—Triangle/Square-Wave Generator, 


EEE, Oct. 1969, p 109-110. 


0.005-0.5 HZ TRIANGULAR—Upper frequency 
limit of dual astable low-subaudio oscillator 
is set by ionization time of neons. Lower 
frequency depends on leakage resistance of 
C, which should be high-quality paper or 
mylar.—E&. Bauman, “Applications of Neon 

Vow + Lamps and Gas Discharge Tubes,” Signalite, 
A079 . Neptune, N.J., p 37. 


Noes 


Triangle O 
4018 /25 £ St 52 
Sin/Cos A iG Oo— 
Common Module Square 


*Trim for £10 V output. 
0.1-100 HZ SINE-SQUARE-TRIANGULAR— having choice of three output waveforms, quency, amplitude, and offset are 


inde» 


Combination of opamps with Burr-Brown as required for testing electrical or hydraulic pendent.—-Sine/Cosine Function Generator, 
4018-25 sine-cosine module gives accurate servos, low-pass active filters, and other Burr-Brown Research, Tucson, Ariz., PDS-210, 


and stable low-frequency function generator low-frequency devices, Adjustments of fre- 1968, p 6. 


TRIANGULAR-WAVE GENERATOR CIRCUITS 


ALL DIODES INSI4 


40-70 KHZ TRIANGULAR AND SQUARE 
WAVES—Output frequency range of almost 
one octave is covered by control voltages of 
4 to 7 V d-c with better than 0.5% linearity. 
C1 determines nominal center frequency, 
with values from 2 uF to 60 pF giving fre- 
quencies from 30 Hz to 750 kHz respec- 


tively, Produces triangular wave at output 
of opamp A2 (terminal 9 of A2) and square 
wave at output of A3, Amplitude of square 
wave is 3 V p»p and rise time 100 ns.-D. M. 
Stewart, Linear VCO Generates Sawtooth 
and Square Waveforms, FEE, March 1969, p 
86, 


897 


FREQUENCY 
CONTROL VOLTAGE oe 


SQUARE- 
WAVE 
OUTPUT 


{N662 


TRIANGULAR 
OUTPUT 


5.1k 


2N 3102 
390 


trol voltage. Circuit is inherently self-start- 


TRIANGULAR AND SQUARE WAVEFORMS— of waveforms, with rise and fall times of 80 =" ing.—C. Maresi, Voltage-Controlled Multi 
D-c amplifier Q7-Q8-Q9-Q11 added to modi- ns. Both outputs can be linearly varied over Produces Triangular Output, Electronics, Oct. 
fied astable mvbr Q1-Q2-Q5-Q6 gives choice frequency range of 25 to 1 by external con- 31, 1966, p 72-73. 
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——~e_ FREQUENCY 


@ SYM. 


10k 1Ok 


TRIANGLE OR SQUARE-WAVE—Gives choice 
of outputs. Symmetry is better than 1% 
from 30 Hz to 25 kHz. R1 should be log 
toper.—“Linear Applications,” Signetics, Sun~ 
nyvale, Cal, 


® oc BALANCE 
=I 


AN6S 


VOLTAGE SWEEP GENERATOR—Input pulse 
must be negative, Frequency range is 
5,000 to 10,000 pps with values shown for 
CC, going down to minimum of 500 pps for 
2 «uF and up to maximum of 200,000 pps 
for 0,001 uF, Output waveform is constant= 
voltage triangular.—A, C. Gillie, “Pulse and 
Logic Circuits,” McGraw-Hill, N.Y., 1968, p 
274, 


NEW TRIANGLE GENERATOR—~Modification of 
astable mvbr, using two resistors in place of 


direct coupling, generates triangular waves 
automatically at transistor emitters.—S. 
Chang, A New Astable Multivibrator Gen- 
erating Triangular Waves, Proc, /EEE, June 
1968, p 1103. 


NOTE: To locate additional circuits in the category of this chapter, use the index at the back 
of this book, Check also the author's “Sourcebook of Electronic Circuits, published by 
McGraw-Hill in 1968. 


CHAPTER 93 
Trigger Circuits 


TR, 
21X32 


O2nH 


OUTPUT os) 


+0 


TA, 
2TX312 


6 ns, 


TRIGGER PREVENTS RELAY CHATTER—Two 
transistors are inserted between IC differ- 
ential amplifier and relay to introduce 
enough trigger action to prevent chatter of 
relay when input is changing very slowly, 


HIGH-SPEED SCHMiTI—Operates from d-c to 
50 MHz, 
R-f chokes may be omitted if loading 
is light. 


R3 (SET BALANCE) 


with rise and fall times below 


Operating transistors in current 


as when comparing temperatures at two dif- 
ferent locations with thermistors Tl and 12 


in bridge circuit. Bridge resistors R1 and 
R2 should have low temperature coefficients. 
Value of feedback resistor RF is determined 


~O t4~-5Y Vee 
AneiRe 


TR), TR ZTX312 
(BSV25) 


ASV Vee 


mode keeps them out of saturation and 
eliminates storage delay times,—"E-Line Tran~ 
sistor Applications,” Ferranti Ltd., Oldham, 
Lanes., England, 1969, p 20. 


24V (max) 


oV 


by maximum hysteresis that can be tolerated. 
—Microlin Amplifiers ZLD2S and ZLD2T, Fer- 
ranti ttd., Oldham, Lancs,, England, Report 


11, 1967, p 13. 
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IC SCHMITT—-Only two need be 


resistors 
added to IC d-c amplifier to give stable and 


predictable operation as Schmitt trigger. 
Book gives design equations.—‘Linear Inte- 
grated Circuits,” RCA, Harrison, NJ., IC-41, 
p 129. 


+18Ve 


PULSE 
AMPLITUDE 
{§ EITHER 

tOR 3V 


3N84 


THREE NOR‘’S GIVE SPIKE—Used to provide 
trigger pulse in digital system at time when 
clock pulse is not available. Switching de- 
lay times of logic elements are used to 
generate narrow output pulse whenever d-c 
level of input changes. With values shown, 
output pulse width is three times that of 
individual NOR gate,—D, R. Hobaugh, NOR 
Gates Generate Non-Clocked Output Pulse, 
Electronic Design, Dec. 20, 1965, p 50-51. 
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© OUT 


2.2K 


~6 
NOR CIRCUIT 
VOLTAGE-LEVEL INDICATOR LAMPS—~Pulse 
#330 amplitude of 1 V triggers $CS-1 and turns on 
LAMP associated incandescent lamp without affect- 


ing other lamp. 3-V pulse is delayed by R-C 
integrating network for SCS$-1 and therefore 
triggers $CS-2 first. This raises common 
emitter voltage, preventing SCS-1 from trig- 
gering, so only right-hand lamp comes on 
to indicate presence of 3-V pulse.—Planar 
Silicon Controlled Switch 3N84/3N85, General 


FULL WAVE 


FULL-WAVE NEON—Neon provides triggering 
of scr when voltage across the two capacitors 
reaches its breakdown voltage in range of 
60 to 100 V. Will control scr from full off 
up to 95% of total rms load voltage. Pulse 
transformer fires scrs alternately, Neon 
gives visual indication that one of sers is 
receiving triggering pulse.—C. R. Dougherty, 
Neon Trigger Circuits for SCR’s, Electronic 
Deciqn, Jan, 6, 1964, p 78. 


Electric, Syracuse, N.Y., No, 65.18, 1964, 


\NPUT 


MOSFET SCHMITT—Combination of mosfet pair 
with pnp transistor gives trigger having very 
high input impedance, low output impedance, 
and good temperature stability. Zeners used 
for generating reference voltage and shifting 
level can be changed to allow for different 
detection levels. Adjust R so QI] is non- 
conducting and Q2 is fully on; input signal 


> -24V 


about 3 V more negative than zener reference 
voltage will then operate trigger.-C. R. 
Perkins, “Application of MOSFET Devices to 
Electronic Circuits,” Hughes, Newport Beach, 
Cal., 1968, p 34. 


+8V 


OL 


rvs) 


CURRENT-OPERATED SCHMITT IC—Uses Philips 
TAA293 general-purpose amplifier. With 
zero input current, output is about 4 V. At 
about 26 uA input, circuit switches to low 
state.—The TAA293 as a Schmitt Trigger and 
Multivibrator, Philips, Pub. Dept., Elcoma Div., 
Eindhoven, The Netherlands, No. 25, 1968. 


2,400-HZ NEON—Trigger pulse reaches maxi- 
mum amplitude of 5 V p-p in less than 10 
us. Value of 10K resistor may be varied for 
different pulse height—W. G. Miller, “Using 
and Understanding Miniature Neon Lamps,” 
H. W. Sams & Co,, Indianapolis, Ind., 1969, 
p 40. 


Q) - GEZN3416 


4300 pf 


CR ~ GEZ4XL22 (ZENER) 
CR- GEINSI48 


BY fe TURNS RATIO |"! 

25 TURNS (EACH WINDING) 

FF28 BIFILAR ON FERRITE 

(ROD) CORE. CORE 1 LONG 

AND (/2" DIAMETER 
TRIGGER-DIODE EQUIVALENT—Developed for 
applications where driving voltage for trigger 
is too low for available trigger diodes. Uses 
low-cost components.—J. C. Hey, Simple Cir- 
cuits for Triggering SCR’s Into Fast-Rising Load 
Currents, General Electric, Syracuse, N.Y., No. 
200.41, 1965, p 4. 
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901 


EMITTER-TRIGGERED MVBR—Circuit is basically 
emitter-triggered flip-flop, developed for use 
with ring counters, shift registers, and other 
counters, Often called complemented flip- 


lower trigger fre- 
design criteria and 
“Pulse and Logic 
1968, p 238. 


flop. Most effective at 
quencies. Book gives 
equations.—A. C. Gillie, 
Circuits,” McGraw-Hill, N.LY., 


1200 CPS 


_ 


PULSE TRAIN GENERATOR—Used jo maintain 
triggering of scr during major portion or all of 
conduction period. Transistor mvbr provides 
alternate driving voltages to ujt oscillators. 
Pulse frequency within train of pulses is 
determined by RICI time constant, and is 


Q 8@2- GE 2N34I6 
Ox; &Qq~- GE 2N2647 
FOR SOURCE VOLTAGES 


LESS THAN 25 VDC 
USE 2N34I4 FOR Q 8 Q2 


NOTE : 


1,200 Hz for values shown, Frequency of 
flip-flop QI-Q2 determines frequency of scr 
ovtput.—J. C. Hey, Simple Circuits for Trigger- 
ing SCR’s Into Fast-Rising Load Currents, 
General Electric, Syracuse, N.Y., No. 200.41, 
1965, p 6. 


FOR [OKC OSCILLATION, Ro = 2.2K 

2KC OSCILLATION, Rg =i0 K 

1 KC OSCILLATION, Ro =22K 
FLIP-FLOP TRIGGER FOR TWO SCR’s—Provides 
alternate output pulses as required for two~ 
ser inverter circuits. RI adjusts frequency. 
R2 adjusts symmetry, Capacitors should be 


C) *Cz #C3 = .0086 pt 


closely matched. Frequency of trigger pulses 
depends on value of resistors RO.—J, C. Hey, 
Simple Circuits for Triggering SCR’s Into 
Fast-Rising Load Currents, General Electric, 
Syracuse, N.Y., No. 200.41, 1965, p 3. 
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RECEIVER'S 
2nd DETECTOR 


OUTPUT 
EMITTER 
FOLLOWER 


+12V 


R, 
330 at 25C 


ot Lind be 


POSITIVE HALF-CYCLE SCR TRIGGER—When 
pushbutton switch SW is moved from 1 to 2, 
scr will trigger near beginning of next positive 
half-eycle and stay on only for balance of 
that half-cycle. Switch may be closed ran- 
domly at any time during the two preceding 
half-cycles. Ser will not trigger again until 


SW is opened and then reclosed. This type 
of one-shot logic is used in some test equip- 
ment supplies and for solenoid drives of 
electronic hammers and stapling guns, where 
load current must flow only for one halfecycle. 
—"SCR Manual,” 4th Edition, General Electric, 
1967, p 151-152. 


Ry 


SIMPLE SCR TRIGGER—C1 


charges through 
RI-R2 to 25-V breakover of 1N3840 trigger 
diode, then discharges through diode into 
base of power transistor Q1 to make it pro- 
duce high-current output pulse of about 20 V 
for applying to gate of ser as trigger. Stray 
circuit inductances must be minimized to give 
required current rise of 10 A per us. Repe= 
tition rate of trigger pulses is adjusted with 
RI.—J. C. Hey, Simple Circuits for Triggering 
SCR‘s Into Fast-Rising Load Currents, General 
Electric, Syracuse, N.Y., No. 200.41, 1965, p 3. 
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SUPPRESSING NOISE TRIGGERING—Insertion 
of low-pass filter at second detector output 
of pulse-decoding receiver, using temperature- 
sensing Sensistor as resistive element RI, 
improves trigger sensitivity by making band- 
width decrease with increasing temperature. 
At —40 C, 3-dB bandwidth is 3.9 MHz, as 
compared to 2.7 MHz at SO C.—C. Samocki, 
Temperature Varies Bandwidth to Improve 
Trigger Sensitivity, Electronic Design, Jan. 4, 
1965, p 77-78. 


= 
CR3 SOLENOID 
GE AI4B LOAD 
R2 CRI GE A40D 
820 
/2W 
SCR 
Nov = ae a 
60H GE C30B RI 
3308 
/2w 
ci* 
\OpF 


*TIME CONSTANT OF Cl RI MAY NEED TAILORING DEPENDING ON 
HOLDING CURRENT OF SCRI. 


o-1OV 


y 
N1430 iw 
IN 5 
! aoe 
Ti 
T2 
O Volts 
~Vec 
BASIC SCHMITT—Chief uses are converting 
t sine wave into rectangular wave, reshaping 


distorted rectangular waves, and detecting 
presence of signals. Book gives design cri- 
teria.—A. C. Gillie, “Pulse and Logic Circuits,” 
McGraw-Hill, N.Y., 1968, p 244. 
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1 +Vce=12V 
RLy RL, i0k 
4.7K 47k 


+10v 
0.3¥ 
Q 
2N13061 
TR, TR, 
2TX300 2TK300 
Rs = 
47K 
input ~5y 
Re ADJUSTABLE HYSTERESIS—Potentiometer P1 
i at input of conventional flip-flop determines 
threshold level at which input signal turns 
: Q1 on and Q1 off to generate output step. 
LEVEL-OPERATED SWITCH—Feedback through Ideal for generating square pulses from sine 
common emitter resistor of Schmit? trigger waves or for providing binary output from 
makes circuit switch rapidly from on to off transducer. Setting of Pl also controls 
and vice versa. Design equations are given, amount of hysteresis, for preventing chatter 
—"E-Line Transistor Applications,” Ferranti in trigger circuit as it changes state if 60-Hz 
Ltd, Oldham, Lancs., England, 1969, p 19. hum is picked up by sensing transducer.—D. 
Schoon, Potentiometer Turns Flip-flop Into An 
Adjustable Trigger, Efectronics, Sept. 4, 1967, 
p 95—96. 
INPUT av +454 
STEP 
SPIKE GENERATOR—Simple capacitorless cir- 45y Ov 
‘ 16 — 
cuit differentiates leading edge of rectanguler R 7 ante 
input pulse, to produce fixed-width trigger- Ov 2 
ing spikes about 16 ns wide. Can be built 300 OUTPUT Qa 
with RTL IC’s.—-G. A. May, Differentiating 2N708 


Pulse Former Requires No Capacitors, Elec- 
tronics, May 1, 1967, p 70~—71. 


INVERTED 
OUTPUT 


HIGH-IMPEDANCE SCHMITT—Input imped- 
ance is over 2,000 ohms, about 200 times 
greater than conventional Schmitt, as re~ 
quired for squaring low-power information 
signals. Trip points and hysteresis of cite 
cuit remain stable and predictable over 
wide temperature range. Q] and Q2 form 
current-mode switch controlling Q3,.—G. 
Marosi, Differential Schmitt Trigger with 200- 
K Input impedance, Flectronics, Jan, 23, 1967, 


ALL DIODES iNG62 = p 90-91, 


HYSTERESIS 
RESISTOR 


D5 


904 


LOAD 


0.047HF 
JooV 


NEON TRIGGER FOR TRIAC—Choice of triac 
depends on load, For maximum precision of 
triggering, neon should be shielded against 
tadiation.—"Silicon Power Circuits Manual,” 
RCA, Harrison, N.J., $P-51, p 237. 


POSITIVE-SUPPLY UJT-SCR—Trigger current 
flows through 10-V supply, with 10-F capaci- 
tor assuring low supply impedance and 
adequate trigger current, Choice of scr de- 
pends on toad current.—Silicon Complementary 
Unijunction Transistor D5K1, General Electric, 
Syracuse, N.Y., No. 60.15, 1967. 


SIGNAL 


IVe=- 
TRIGGER 1k 
INPUT } OV. 


1Oma 


TUNNEL-DIODE TRIGGER—Simple one-shot 
mvbr is triggered by 1-V pulse. One draw- 
back, however, is varying response to differ- 
ent trigger signals because of manner in 
which one-shot recovers triggering sensitivity. 


v4 


Q e 
ansi26 


hy 


10k 


EFFICIENT TRIGGER—Three parts minimize 
cost while giving good temperature stability, 
rapid switching, and efficient energy trans- 
fer. Utilizes reverse breakdown character- 
istic of emitter-base junction to set triggering 


Common 


2N1t30 
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SET JUST BELOW 
OUTPUT Al ea 


LEVEL 


1K 
lOph 


Article presents pseudo-Schmitt circuit that 
eliminates these uncertainties in trigger logic. 
—H, A. Zimmerman, Pseudo-Schmitt Eliminates 
Uncertainties in Trigger Logic, Electronic De- 
sign, Nov, 22, 1965, p 30—35. 


level accurately. Ideal for use as thyristor 
gate-drive trigger in phase controls.—R. B. 
Hood, Transistor Breakdown Yields Inexpen- 
sive Thyristor Trigger, Electronics, Sept. 4, 
1967, p 96. 


SCHMITT TRIGGER DRIVER tev 


Q2 
2nz222 


BASE-TRIGGERED FLIP-FLOP—Switching action 
occurs oply on positive excursions of input 
trigger applied to base, so output frequency 
is half that of input to complemented flip-flop 
(4,000 pps for input of 8,000 pps with values 
shown), and circuit acts as frequency divider. 
—A. C. Gillie, “Pulse and Logie Circuits,” 
McGraw-Hill, N.Y., 1968, p 240. 


ZENER IMPROVES TRIGGERING ACCURACY— 
Replacement of feedback resistor with 6-V 
zener CRI in Schmitt trigger narrows range 
between turn-on and turn-off voltages from 
4 V to about 0.3 V.—R. E. Risely, Zener Diode 


Reduces Schmitt Trigger Hysteresis, “400 
Ideas for Design Selected from Electronic 
Design,” Hayden Book Co., N.Y., 1964, p 93. 


TYPE 
2n3241 


150 


TYPE 
2N406 


+ IN 
WA —O 
5.6K 470 
TWO TRANSISTORS EQUAL ONE DIODE-—Re- 
generative action of circuit, when either 


transistor begins to conduct, causes switching 
compgrable to avalanching in trigger diode. 
With proper biasing, circuit will trigger at 
15 V or less.—Silicon Power Circuits Manual,“ 
RCA, Harrison, N.J., SP-51, p 240, 


NEON TRIGGER FOR SCR-~Possible drawback 
is effect of radiation on breakdown point 
of neon. For precise control, neon should 
be shielded or specially treated for radiation. 
Low cost and long life are offsetting ad- 
vantages.—"‘Silicon Power Circuits Manual,” 
RCA, Harrison, N.J., SP-51, p 237, 


VOLTAGE-OPERATED SCHMITT IC—Uses Philips 
TAA293 general-purpose amplifier connected 
as emitter-coupled Schmitt followed by out- 
put amplifier. Output voltage is 5 to 6 V 
p-p depending on saturation voltage of out- 
put transistor. Rise time is about 200 ns 
and fall time 40 ns.—The TAA293 as a Schmitt 
Trigger and Multivibrator, Philips, Pub. Dept., 
Elcoma Div., Eindhoven, The Netherlands, No. 
25, 1968. 
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CR, 


az 


— 2N3133 


905 


JO SCR GATE 


=> 


~ GE IN4I54 
Q + GE 2N2646 
— 2N3638 (FOR SUPPLY VOLTAGE LESS THAN 25 VDC) 


(FOR SUPPLY VOLTAGE UP TO 35 voc 
(FOR SUPPLY VOLTAGE LESS THAN 25V0C} 


at” 2N3414 
‘S| — 2N34:6 (FOR SUPPLY VOLTAGE UP TO 35 VOC) 


REGENERATIVE TRANSISTOR PAIR AS SCR 
TRIGGER—Can be used when trigger-circuit 
driving voltage is too low for available 
Ujt Q1 provides external sync 


trigger diodes. 


Wo 


pulse at desired triggering frequency.—J. C. 
Hey, Simple Circuits for Triggering SCR‘s Into 
Fast-Rising Load Currents, General Electric, 
Syracuse, N.Y., No, 200.41, 1965, p 5. 


1-Vitoft) 


—o0V 


STABLE SCHMITT~—Close thermal coupling of 
transistor pair results in trigger (input) volt- 
ages more stable over entire frequency range 


than separate transistors.—“Circuits Using 
5KV 1M 
tee 
20-30 VOC 
KRYTRON-TRIGGERED IGNITION—Four-ele~ 


ment cold-cathode gas-filled switch tube pro- 
duces high peak current for short duration 


through pulse transformer, for triggering 


Low-Drift Transistor Pairs,“ Philips, Pub, Dept., 
Elcoma Div., Eindhoven, The Netherlands, Ap- 
plication Book, 1968, p 25. 


O.S uF 
PA GNITRON 


TR iB! 


ignition.—Krytrons—Cold Cathgde 


industrial 
Switch Tubes, EG&G, Boston, Mass., KR-100, 
1968, 


906 ELECTRONIC 
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100k 


NEGATIVE-SUPPLY UJT-SCR—Complementary 
ujt makes triggering of scr easier than with 
positive supply. Choice of scr depends on 
load current.—Silicon Complementary Uni- 
junction Transistor D5K1, General Electric, 
Syracuse, N.Y,, No. 60.15, 1967, 


TWO-TRANSISTOR SCR TRIGGER—Two-tran- 
sistor circuit, with regenerative action com- 
parable to avalanching in trigger diode, can 
deliver trigger currents up to 1 A, more 
than enough for triggering all RCA thyristors. 
—“Silicon Power Circuits Manual,” RCA, Har- 
rison, N.J., SP-51, p 240. 


—1OV 


S6k 


#RI| 18h FOR Veniggen = -!V 


CIRCUITS MANUAL 


MULTI-SHOT TRIGGER—Period of output pulse 
depends on number of input trigger pulses 
occurring while circuit is active. Uses Schmitt 


1/4M3, 3AZ 


CURRENT-MODE SCHMITT—50-HMz trigger is 
inverter modification in which input reference 
voltage of one stage depends on collector 
voltage of preceding stage. Bias pot serves 
as sensitivity-symmetry contro!. R4 supplies 
constant current into 100-ohm output load, 
so output levels are shifted to +1 V and 


FNIO34 


trigger Q4-Q5, Article gives design equa- 
tions.—R. §, Hughes, Multi-Shot Trigger Cir. 
cuit, EEE, June 1967, p 138-139. 


+20¥ -20v 


—1 V from levels of 0 and —2 V which 
would otherwise result, With 2N2258 trans 
sistors, rise and fall times are 2 and 3 ts 
respectively.—"High Speed Switching Tran- 
sistor Handbook,” Motorola, Phoenix, Ariz., 
1969, p 283. 


IN3150 


JL 


BETTER SCHMITT—Two mosfet’s provide higher 
trigger speed, higher input inmpedance, and 
better temperature stability than transistor 
version. R1 sets trigger level in range from 
—2 V to +2 V.—S. Biren, Two MOS-FETs 
and Resistors Make Better Schmitt Trigger, 
Electronic Design, May 10, 1967, p 92. 


1-NS RISE TIME—Simple modification of ujt 
relaxation oscillator, driving tunnel diode, 
serves as fast trigger generator that can 
deliver high enough output current to simplify 
amplification and shaping of output wave- 
form.—E. Elad, Tunnel Diode and UJT Produce 
Ultra-Fast Trigger Output, Electronic Design, 
dune 7, 1965, p 40-41. 
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HALF-WAVE NEON—Controls scr from full off 
up to 95% of half-wave rms output voltage. 
Closing switch applies full power. Neon also 
provides visual indication that ser is receiving 
triggering pulse.—C, R, Dougherty, Neon Trig- 
ger Circuits for SCR’s, Electronic Design, Jan. 
6, 1964, p. 78. 
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10 HZ-100 KHZ FAST-RISE SCHMITT—Requires 
no capacitors, and transistors may be low- 
cost types such as 2N4418, 2N4275, or 
MPS2369, Waveform is excellent at all fre- 
quencies without adjustment of component 
values, and both rise and fall times are less 
than 12 ns. May be used for sine-square 
wave conversion.—J. H. Cone, Simplified 
Schmitt Yields Fast Rise Time, EEE, April 
1968, p 108. 
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500-MHZ PSEUDO-SCHMITT WITHOUT TRIG- 
GER UNCERTAINTY—Provides reliable trigger- 
ing, free from input misrecognition and 
frequency countdown problems, for input 
signals below 5 mV, Tunnel diodes and 
matched high-speed diodes near center of 
diagram are key elements, providing recog- 
nizing and arming functions for multivibrators 
connected in multiple-feedback arrangement. 
Very similar circuit is used in Tektronix 5T3 
timing unit for Type 661 sampling cro. 
Article describes circuit operation in detail. 
—H. A. Zimmerman, Pseudo-Schmitt Eliminates 
Uncertainties in Trigger Logic, Electronic De- 
sign, Nov. 22, 1965, p 30-~32 and 34-35. 


CHAPTER 94 
Ultrasonic Circuits 


OSCILLATOR~QUADRUPLER DOUBLER FINAL 


CRYSTAL 


AUOIO 
{FM) 


1.5-W SONOBUOY TRANSMITTER—Used with 
underwater hydrophone to pick up sounds 
of enemy submarine, Crystal oscillator fre- 
quency is 165 MHz. Over-all efficiency is 
greater than 50% with 12—15 V battery sup- 
ply. Final stage is straight-through class C 


= 78 pF 

amplifier using RCA developmental transistor; S = 322500: § lo = 2-4 turns No. 18 wire, 2” ID (close 
if power output of 0.5 W is sufficient, 2N4427 Ce = "2200 pF, rath B ie ound) 1.0 2H 
may be used instead.—’Silicon Power Circuits ig Se Se = 000 uF lo = 5 turns No. 16 wire, %4” ID x 3%” long 
Manual,” RCA, Harrison, N.J., SP-51, p 344. = soar? Be oo -ahat 

Co = 500 pF Rs = 47 ohms 

Ci, Cua = 1500 pF, feedthru Rg = 10 ohms 

Cis = 8-60 pF 7 Rs == 100 ohms 

ti == 22 2H Ra = 51 ohms 

le = 5.5 yH Ry = potentiometer, 50 ohms 

La = 3 turns No. 16 wire, %” ID x 1” long Ry = 100 ohms 

La = 5 turns No. 22 wire, %_” ID (close wound) Vor = varactor 

ls == 2-14 turns No. 16 wire, 14” ID x %” long Ref. Diode = 12-volt zener diode 


2-KHZ PINGER—Pulse from ujt timer turns on 
transistor that applies power to oscillator that 
generates 2-kHz pulse for transducer. If 
100K resistor is replaced with pressure 
potentiometer, ping rate can vary with water 
depth. Transducer is double bilaminar piezo- 
electric ceramic unit.—F. Watlington, Uni- 
junction Controls Oscillator in Simple Under- 
water Pinger, Electronics, Jan. 5, 1970, p 98. 


UTC VIC-2T0 8 


3,000 pt 


tk 


2N2647 12-20v 
2N3055 


TIMER SWITCH OSCILLATOR 
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EXTENDING DARLINGTON DOWN TO D-C— 
Zener bootstrap boosts input impedance of 
Darlington to 30 meg and assures operation 
down to d-c signals. Useful as isolation 
amplifier for applications such as medical 


10-KW = AMPLIFIER—All-transistor 


amplifier 
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+12v 


IN753A 


iNST4 
a, “lav 


5E4020 


~t2v 
+12¥ 

sensors and hydrophone transducers. If 

super-beta transistor such as MC1556 is used 

for Q1, input resistance is over 100 meg.— 


2N1016D 


2N2907A 


provides better than 50% efficiency in gen- 
erating 10-kW pulses 250-ms wide with 10% 
duty cycle, over frequency range of 2 to 12 
kHz, When driving crystal for ceramic trans- 
ducers, tuning reactors are required for 
power factor correction so amplifier sees 
resistive load at transmitted frequency. 
Pulse-shaping network is necessary to prevent 
dangerous transients at start and finish of 
keying. —“Silicon Power Transistor Handbook,” 
Westinghouse, Youngwood, Pa., p 6-6, 


+300v 


“fl 
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R, J. Turner, Zener in Bootstrap Extends 
Amplifier’s Range to D-C, Electronics, March 
16, 1970, p 88, 


40 2N2112 SILICON 
TRANSISTORS IN 
PUSH-PULL 
PARALLEL 


' OUTPUT 
IF te 
LOAD 


T ~? 
4 
+ : 9ov DC 
2X 160,15 FAX 160 | sUbPLY 
DIODE == + 
7-45 ppt 


7~45 pepe 


CONSTANT-K VARIABLE-BANDWIDTH—Used 
in superheterodyne calibration receiver for 
pulsed sonar signals having various frequen- 
cies and pulse widths. Negative feedback is 
used to change bandwidth without affecting 
gain of i-f amplifier. Article gives design 
equations, Values shown are for 200-kHz 
center frequency, with bandwidth varying 


LOW IMPEDANCE 
CATHODE FOLLOWER 


from 20 to 140 kHz in 10 geometrically di- 
vided steps determined by resistor valves. 
—G. E. Ott, Filter Amplifier Maintains Gain 
Over Wide Band, Electronic Design, Oct. 11, 
1965, p 58~61, 
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SUPPLY ° 


50 W AT 40 KHZ—Power transistors in tuned 
class C power amplifier achieve 88% effi- 


ciency. Can be used for ultrasonic cleaners 
and fathometers. Power gain is 21 dB. 
Article gives transformer winding data.— 


50-W Ultrasonic Amplifier, Electronic Design, 
March 2, 1964, p 58. 


COIL DRIVE A, 


2NI613 


(Y 
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SINGLE-SCR ULTRASONIC INVERTER—Can be 
driven over frequency range of about 400 to 
30,000 Hz by external pulse generator. For 
values shown, will deliver 500 W at 10,000 
Hz from 100 V d-c for ultrasonic cleaning, 
welding, and mixing applications, induction 
heating, sonar, fluorescent-lamp dimmers, 
and d-c/d-c converters. Article gives com- 
plete design procedure for adapting circuit to 
any specific application.—N. Mapham, A Low- 
Cost, Ultrasonic-Frequency Inverter Using a 
Single SCR, General Electric, Syracuse, N.Y, 
No. 671.2, 1966, p 10. 


HALL ELEMENT 
DRIVE Ac 


POLAR DISPLAY—Drive and read amplifier 
circuits shown are for Hall multiplier, two of 
which are used to transform rectangular co- 


ordinates to polar for crt display. Applica- 
tions include direction-finding, sonar, and 
ppi radar systems. Both drives are differen- 
tial amplifiers. Hall multiplier is Helipot 


READ AMPLIFIER A 


model 700 Hallefex.—G. H. Smerage, Hall- 
Effect Multiplier Simplifies Polar Display, 
Electronic Design, March 29, 1965, p 24, 26, 
28—29, 
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4 HYDROPHONE PREAMP-—Low-noise circuit 
{ )enga0 


[OS provides 40 d8& gain from 10 to 10,000 Hz 

when used with 330-pF hydrophone.—W. F. 
Blodgett, Low-Noise Preamplifier Uses FET, 
EEE, May 1967, p 182. 


o-15V 


SUPPLY ° 


BASIC SOLID-STATE INVERTER--Can generate reactive loads. -Applications include ultra- from 100-120 V d-c supply. Frequency is 
kilowatts of power over frequency range of sonic cleaning, mixing, and welding with determined by external pulse generators. 
400 Hz to 30 kHz for ultrasonic and other either magnetostrictive or electrostrictive Article gives design procedure and equations. 
applications, with good waveform and good transducers, induction heating, sonar, d-c/d-c —N. Mapham, A Low Cost, Ultrasonic Fre- 
regulation over wide range of loads and converters, regulated d-c power supplies, quency Inverter Using a Single SCR, General 
phase angles, Requires only single scr, mini- and high-frequency supplies for fluorescent Electric, Syracuse, N.Y., No. 200.49, 1967, p 
mizing cost of trigger circuitry, Can handle lamps and fluorescent dimmers, Operates 10, 


3.9k 
O.01pF 


(+—— outeur 


Ry 
SIGNAL 
INPUT We 
47k 0,01 pf 
AGC LONG TIME CONSTANT 


INPUT ————— AAJ —~ 
(D-C CURRENT) 


O.5pF 


WIDE-RANGE AGC FOR SONAR—Accepts undistorted output between 0.5 and 1.5 V_ use in low-cost pleasure-craft sonar.—M. F. 
much greater range of input signal Jevels for inputs from 0.5 mV to 0.5 V. Frequency Feller, AGC Amplifier Handles 60-DB Range, 
than conventional age circuits while holding range is 20 Hz to TOO kHz, Designed for Electronics, Nov. 28, 1966, p 81-82. 
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7. Cs, Cs = 7-to-100 pF Arco 423 or equiv. 
14-to-150 pF, Arco 424, or equiv. 

0.01 uF, 50 V 

1000 pF, feedthru 

75 nH 

lg = I turn No. 18 wire, 42” ID 

Ls == 11) turns No. 18 wire, Y%&” 1D 

le = 11% tums No. 18 wire, %s” ID 

RFC == 450 ohms, ferrite 5 


T75-MHZ SONOBUOY OUTPUT STAGE— 
Straight-through class C power output stage 
delivers 500 mW for 60 mW drive power.— 
“Silicon Power Circuits Manual,” RCA, Har~ 
tison, N.J., SP-51, p 345. 


RI 


CIRCUIT 


(BOTTOM 
VIEW) 


Cvae 


OUTPUT 
C2 


TRIGGER 
INPUT 


100 W AT 1—20 KHZ WITH SCR—Simple scr 
circuit has better than 90% efficiency in 
generating ultrasonic sine-wave output at 
frequency of input trigger which can be simple 
mvbr or ujt oscillator, If 60-Hz line voltage 
is used in place of d-c supply, will give 
bursts of ultrasonic power. Values of com~ 
ponents are not critical, even though they 
determine operating frequency.—H. R. Camen- 
zind, Seesaw Circuit Gives Sine-Wave Power, 
EEE, Dec. 1966, p 119-120. 


R220 50—-100,000 HZ IC AMPLIFIER—Input resistance 


is about 22K. Distortion level at output is 
3% at about 1 W. RI is selected to adjust 
no-signal current drain, and can be 68K, 100K, 
or 150K.—Integrated Circuit Audio Amplifier 
PA222, General Electric, Syracuse, N.Y., No. 
85.20, 1967, 


NOTE: To locate additional circuits in the category of this chapter, use the index at the back 
of this book. Check also the author's “Sourcebook of Electronic Circuits,” published by 


McGraw-Hill in 1968. 


CHAPTER 95 
Video Circuits 


YouT 


CA3008 
OR 
CA3008A 


30-DB NONINVERTING WITHOUT PHASE 
COMPENSATION—IC opamp with only three 
external resistors provides flat response to 
2 MHz, with gain then increasing to peak 
ot 4.5 MHx before dropping down to zero 
above JO MHz.—“Linear Integrated Circuits,” 
RCA, Harrison, N.J., [C-41, p 247. 


UNITY-GAIN BUFFER—Voltage gain is be- 
tween 0.995 and 0.999 over entire tempera- 
ture range of 30 to +160 F and input 
impedance is high, as required in radar 


“28 VOLTS DC 


C2 OUTPUT Cs = 25 yk. 
K—0 nm 25 pF 
‘ eo hae Cs = 100 to 300 pF 
Ale pLOAD Ci = 100 uF 
TO PREVIOUS L = 30 »H 
TAG! > R, = 20000 
R, = 3600 
= R, = 2000 
: R, = 62 
3 Ry = 620 
C4 
LOW-LEVEL VIDEO AMPLFIER—Uses 2N274 ohms, output resistance 4,000 ohms, and 


pnp transistor having cutoff frequency of 30 
MHz. At 12.5 MHz, input resistance is 150. 


—6y 


power gain up to 27 dB.—“Transistor Man- 
ual,“ RCA, Harrison, N.J., $C-13, p 130, 


Eour 


with 15-ns rise time and 30-ns fall time. QT 


video processors. Can ha used to sample 
d-c level of integrator ond transfer analog 
pulse to output decision circuits such as 
Schmitt trigger. Will handle input pulses 


and Q2 cancel d-c offset at input—R. J. 
Turner, Buffer Amp Provides Stability Over 
Wide Temperature Range, Flectronics, Nov. 
24, 1969, p 107. 
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7-MHZ WITH 250 GAIN~OEI Model 9186 
opamp in twoeresistor configuration shows 
low noise and good stability without ex- 
ternal phase compensation, with closed-loop 
gain level of 250 from d-c to 7 MHz.—Three 
Inverting Amplifiers Using the 9186, Optical 
Electronics, Tucson, Ariz., No, 10124. 


Output 


Gain = ~10 


INVERTING WITH GAIN OF 10—Uses OEl 
9300 opamp having 6 dB/octave rolloff up 
to 100 MHz. IC requires 4-6 V and —6V 
supplies. Rise and fall times are 30 ns for 1 
V output. Use metal-film resistors to prevent 
overshoot and ringing.—Applying the Model 
9300 Monolithic Operational Amplifier, Opti- 
cal Electronics, Tucson, Ariz., No. 10134, 


* cl4acis ov 
SEE TEXT & TABLE _ ooleaGn 
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6.3V 
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1A 
U7 VAC 


CCTV VIDEO MODULATOR—Permits use of 
closed-circuit tv camera with any home tv 
set. Output is sufficient for feeding several 
receivers over several hundred feet of coax 
cable. Article gives coil turns data and 
crystal frequency for each channel. For chan- 
nel 10, use 48.312-MHz crystal, with 11 turns 
for LI, 4 for L2, and 5/2 for 13. Camera 


CAZ0I8 


CASCODE VIDEO AMPLIFIER—Frequency re- 
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RF AMPL 


OPTIONAL= = 
SEE TEXT 


should provide about 1 V p-p and negative- 


going sync.—E. T. Hansen, Build a Video 


Modulator for CCTV, Radio-Flectronics, Jan. 
1966, p 52-54. 


CAZ0/8 


BROADBAND VIDEO AMPLIFIER—Uses CA3018 
transistor IC array in two d-c coupled stages. 
Two feedback loops provide d-c stability. 
Frequency response is down 3 dB at 800 Hz 
and 32 MHz.—“Linear Integrated Circuits,” 
RCA, Harrison, N.J., 1C-41, p 309. 


sponse is flat within 3 dB between 6 kHz 


and 11 MHz, using four-transistor IC con- 
nected as shown, Mid-frequency voltage gain 
is 37 dB, and useful dynamic input range 
is 40 pV to 16.6 mV p-p.—"Linear Integrated 
Circuits,” RCA, Harrison, N.J., IC-41, p 311. 


VIDEO CIRCUITS 915 


INPUT © 


pF 
30-MHZ FAST-RISE AMPLIFIER—Provides gain 
of 3.3 and 7-ns rise time with OEl 9186 
opamp.—Three Inverting Amplifiers Using the 
9186, Optical Electronics, Tuscon, Ariz., No. 


10124, 
FOR Vago <0 
| Ry Sy 
a 63 db {OPEN LOOP} 
100000 OHMS 40 db 
9000 OHMS 20 db IN 


CASCADED iC WITH FEEDBACK—With R-C 
coupling of two IC d-c amplifiers, open-loop 
mid-band gain is 63 dB, and bandpass is 
18 Hz to 135 kHz. Under closed-loop con- 
ditions, bandpass is 0.13 Hz to 6.6 MHz for 
20 dB gain.—“Linear Integrated Circuits,” 
RCA, Harrison, N.J., 1C-41, p 126, 


UNITY-GAIN BUFFER—Used as wide-band in- 
verting amplifier having high input im~ 
pedance, as tequired by vidicon, high-im- - 
pedance transducer, and some detectors, 
With OEl 9186 opamp, provides unity gain 
up to 17 MHz.—Three Inverting Amplifiers 
Using the 9186, Optical Electronics, Tucson, 
Ariz., No. 10124, 


+20V 


2N2219 


ZERO VOLTS de 


2n2905 


500-MHZ VIDEO—Variable capacitors Cl and 
C2 adjust bandwidth of two-stage cascode 
amplifier. Increased bandwidth is achieved : 
by adding common-base transistor amplifier provides high-level gain control of video 


O-20V 
GAIN CONTROL-—Push-pull emitter-follower 


to single common-emitter stage having 50-ohm 
input; inductive component of common-base 
stage forms resonant rise in current to com- 
pensate for dropoff of other stage at high 
frequencies,—H. T. McAleer, Emitter Peaking 
Pushes Bandwidth to 500 MHz, Electronics, 
Sept. 4, 1967, p 96-97. 


signal while maintaining zero d-c voltage at 
output, Transistors must be balanced; com~ 
mon heat sink helps. Can be used to drive 
long cables, with signals up to 30 V p-p. 
—H. F. Stearns, Gain-Control Circuit Avoids 
D-C Shift, Electronic Design, Feb, 1, 1965, 
p 28. 
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% SELF-RESONANT AT 28 MHz 


28-MHZ LIMITER—Uses two IC video amplifiers 
to provide fuli limiting at input of 300 Vv. 
Total gain is 61 dB, and bandwidth before 
limiting is 3,8 MHz.—~“Linear Integrated Cir~ 
cuits,” RCA, Harrison, N.J., IC-41, p 179. 


AL 


Control —— 
Input P: 
Dig. 

ttal© 


FAST SWITCH—OEI 5354 analog switch is 
basically spst, either on or off. Provides 
very high isolation at video frequencies, 
with sufficiently fast switching time to allow 
video switching during vertical retrace in~ 
terval, Switching voltage is at analog levels 
of 0 and +10 V. For spdt switching, two 
5354 switches are needed.—A Fast Video 
Switcher Using Analog Switches, Optical 
Electronics, Tucson, Ariz., No. 10171, 


(00 Q 


500-KHZ LIMITER—Uses two IC video ampli- 
fiers to provide voltage gain of at least 
100 dB, with limited signal becoming ap- 
parent above noise for 1-4V input signal. 
Limiting is good for input signals up to 3 V. 
—“Linear Integrated Circuits,” RCA, Harrison, 
N.J., 1C-41, p 180. 
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15-MHZ BANDWIDTH AT 30 MHZ—~Stagger- design procedure and instructions for align- 
tuned video amplifier with balanced detector ment.—A 30 MC Wide Band Transistor Ampli- 
has gain of 60 dB. Article gives detailed fier Using the 2N2084 Universal Transistor, 


i 5/8" FERRITE CORE 


Amperex Electronic Corp., Hicksville, 
NLY., ALR-5621, 1964, 


DETECTED 


Ld, 
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75 


CA3S008 
OR 
CA300BA 


= 1.8 pF 


30-DB8 NONINVERTING WITH PHASE COM- 
PENSATION—Use of 1.8-pF capacitor in paral- 
lel with feedback resistor of 1C opamp gives 
flat response to about 3 MHz, with feedback 
ratio rolling off at slope of one for higher 
frequencies.—"Linear Integrated Circuits,” 
RCA, Harrison, N.J., |C-41, p 247. 


LINE DRIVER—Combination of 9186A opamp 
and 9110 current booster will drive 100-ohm 
load with up to 10 V of either polarity, at 
bandwidths up to 10 MHz. Slewing rate of 
opamp is 600 V per ws, Circuit is useful for 
gain levels up to 100 (40 dB).—A Video 
Amplifier/Line Driver, Optical Electronics, 
Tucson, Ariz., No. 10170, 


(Gain = 10) 
75 


Ri 


WA-————O OUTPUT A 


OUIPUT B 


+12 


+12 


SINGLE-CHIP LINE DRIVER—Module contains 
high-level output stage and high-performance 
opamp in one package, for applications re- 
quiring low closed-loop gain (below 30). 
Will drive 50-ohm load at 10 V with either 
polarity, and may therefore be used to drive 
two cables with full output swing, or more 
if lower voltage is permissible. Use negative 
input if phase inversion is required. Either 
input may be dc or a-c coupfed.—A Video 
Amplifier/Line Driver, Optical Electronics, 
Tucson, Ariz., No. 10179. 


9.58 ourpuT 


Le 


+12 
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SELF-LIMITING—Use of complementary tran- 
sistors in pulsed video amplifier provides 
compression without limiter diodes, for oper- 
ation over wide dynamic range of input volt- 
ages, from 5 mV to 5 V. Can be used to 
drive Schmitt trigger for reshaping of pulses. 
—R, P. Fischi, Jr., Pulsed-Video Amplifier 
Limits Without Diodes, Elecfronic Design, 
April 13, 1964, p 68 and 70. 


when hum level is so high 
horizontal bars appear in picture. 


at known syne level. 


d-c information, Clamping 


Ariz,, No, 10164, 


R2eR1, 10K 
ce or less £ 


R2 = 100KR1/(100K + R1) Se 


75 ohms 


CLAMP AMPLIFIER—Used in cable tv circuits 
that shaded 
Video is 
clamped during horizontal blanking interval, 
Clamping also restores 
reduces 
amplitude as much as 6 dB per octave, 
Uses OE! 5430 spst analog switch.—A Video 
Clamp Amplifier, Optical Electronics, Tucson, 


hum 


OUTPUT (COAX 
O CABLE) 


The gain is 1O0K/R1i + 1 
C, is needed to eliminate ringing, 


is needed to eliminate any 
oscillations, 
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CA3008 
OR 
CA3Z008A 


30-DB NONINVERTING—Phase compensation 
of IC opamp is provided by 5-pF capacitor 
in series with 10K, Used as video amplifier 
having flat closed-loop response up to about 
3 MHz.—“Linear Integrated Circuits,“ RCA, 
Harrison, N.J., IC-41, p 246. 


390 


{Out 


CA3Z008 
OR 
CA3008A 


6-DB INVERTING IC OPAMP-Response of 
video amplifier with 56-pF phase-compensat- 
ing capacitance is flat within 3 dB up to 
5.6 MHz. Changing compensating capaci- 
tance to 33 pF increases 3-dB bandwidth to 
11 MHz.—“Linear Integrated Circuits,” RCA, 
Harrison, N.J., 1C-41, p 248. 


13-MHZ AMPLIFIER WITHOUT CROSSOVER 
DISTORTION—Dual Darlington transistor con- 
figuration operating class B delivers 270-mA 
signal into 30-ohm load at 1 MHz. Re- 
sponse is 3 dB down at 13 MHz. Diodes 
eliminate distortion over wide temperature 
range.—R. J, Turner, Diodes Eliminate Cross- 
over Distortion in Video Amplifier, Electronics, 
Jan. 19, 1970, p 92. 


NOTE: To locate additional circuits in the category of this chapter, use the index at the back 
of this book. Check also the author's “Sourcebook of Electronic Circuits,” published by 


McGraw-Hill in 1968. 


CHAPTER 96 


Voltage-Controlled Oscillator Circuits 


OPTOELECTRONIC VCO—Output frequency is 
proportional to d-c voltage applied to lamp 
terminals of Raysistor. Multivibrator is 
driven at half speed, to produce square 
wave at output terminals. Output frequency 
increases with lamp voltage, Oscillator is 
isolated from control! voltage, permitting 
simple remote control of frequency.—Raysis- 
to’ Optoelectronic Devices, Raytheon Com- 
ponents Division, Quincy, Mass., 1967, p 16, 


Qa 
MEMOIIA 


FREQUENCY- 
CONTROL 
VOLTAGE 
(hav) 
Q: 
VOLTAGE CONTROLS FREQUENCY-Single 


stage of Darlington IC differential amplifier 
is wired as free-running mvbr. Small change 
in frequency control voltage produces ex+ 
tremely large frequency shift because input 


fet's act as voltage-variable resistors. Sensi- 


2N16718 


470pf 
c 


tivity is 40 kHz per volt, essentially inde- 
pendent of temperature.—F, G. Christiansen, 


10k 


OUTPUT 


Multivibrator Sensitivity Improved by MOS 
FET‘s, Electronics, Dec, 11, 1967, p 94. 
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100-KHZ VOLTAGE-CONTROLLED— Addition of 
two feedback loops te saturating-type mvbr 
Q3-Q4 gives voltage-controlled square-wave 
oscillator whose frequency is determined by 
the 10K emitter current sources, 3,600-pF 
capacitor, and collector voltage of Q3 with 
respect to ground. Q1-Q2 form integrating 
opamp that changes collector voltage of Q3 
to control frequency.—Modified Multi Forms 
Voltage-Cantralled Oscillator, Electronic De- 
sign, Oct. 11, 1965, p 68. 


ALL Q)2N3638: 


+45V 


TO OUTPUT 
j STAGE 
i BASIC 
| OSCILLATOR 
. re 
| f 

2nl225 
| BASIC 
h » OSCILLATOR 
LOOP 


LOOP FEEDBACK 
TY capacitance 


JI NETWORK 


ARICAP BIAS 
IRCUITRY 


oO< 


CONTROL 


[ 
| INPUT 
| 
H 
H 


1-MHZ VOLTAGE-CONTROLLED CRYSTAL—Used 
as serve element in c-w tracking system, 
Article describes operation in detuil and gives 
design procedure, Short-term stability can 


+12V 


typically be 8 parts in one billion, and 
long-term drift as good as 2 parts in one 


Rig | 
12K 
* CONTROL VOLTAGE 


: I INPUT CIRCUITRY 
CRq 


IN695 | 


million.—P. J. Boyle, A Design Approach to 
Transistorized Voltage-Controlled Crystal Os- 
cillators, Electronic Design, March 2, 1964, Pp 
22-24 and 26-27, 


VOLTAGE-CONTROLLED 


STEPPING MOTOR DRIVE—Produces sawtooth 
waveform over frequency range of 100,000:1 
for dec control voltage range of 0 to 5 V, as 
source of pulses for driving stepping motor 
in servo system. Upper frequency limit is 
about 250 Hz. Q1 discharges C at end of 


each timing period as set by R5.—W. F. Ball, 
Ultrawide-Range VCO Uses Op Amp and 
UJT, Electronic Design, Sept. 27, 1967, p 66 
and 68. 


(a a He | 


2NI304 


Ra-—CHOSEN TO PROVIDE 


DESIRED SENSITIVITY 


Ry~<R, (THE DESIRED LOAD) 


+20V 
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+2v R5 
REQ. 10k 


FREQUENCY CALIBRATION 


IN4009 


OPERATIONAL. 
AMPLIFIER 


LINEAR VCO—Output frequency is propor~ 
tional to input current or voltage within 1% 
for 15% deviation from given center fre- 
quency. Typical values for 10-V supply volt- 
age and operation between 5 and 10 kHz, 
using Magnetics 50056-1D cores, are 350 to 
500 turns for N4, 50 turns for N2 and N2’, 
and 150 turns for other windings. Can be 
operated with balanced floating input and 
output, Has good rejection for common- 
mode signals—M. W. Barth, Voltage Con- 
trolled Oscillator Provides Good Linearity, 
Electronic Design, Nov. 23, 1964, p 65-67. 


DEVIATION 


200-300 MHZ FET SWEEP—Inexpensive Col- 
pitts oscillator uses voltage-variable capacitors 


D2 and D3 to change frequency of fet 
oscillator QI-Q2. 


Sync input pulse initiates 


triangular output of Q3 for driving diodes 
through buffer Q4. Circuit can be designed 


for operation from subaudio to near-gigahertz 
frequencies.—T. F, Prosser, FET’s Produce 
Stable Oscillators, Electronics, Oct. 3, 1966, 
‘p 102-103. 


PULSE PERIOD CONTROL—Provides linear volt- 
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VOLTAGE-FREQUENCY—Output frequency is 
proportional to input voltage, with 1 V d-c 
input producing ? kHz with better than 0.1% 
linearity, Input impedance is 100K. Article 
gives adjustment procedure. Supply voltages 
must be as stable as accuracy required. 
—Unijunction Circuit Hints, General Electric, 
Syracuse, N.Y., Fig, 11. 


S 10k = 470pF OtpH 


BIAS 
+O Vde 


PIN OIODE 
HPA 3001}/1000pF 


470 pF 


VARACTOR 
VARIAN 
510 VATIZET 


arp} 


12v AMPLITUDE 
50 nsec RISE 


VOLTAGE-FREQUENCY CONVERTER—Produces 
pulse rate directly proportional to varying Vee VARACTOR BIAS 
d-c input voltage, for driving digital motor “12 Vee +10 TO 120 vde 


of servo system. Frequency of output varies 1,500-MHZ VCO—Tunable range is 500 MHz, 


ani from zero for no input to 4300) as and frequency drift less than 100 kHz after 
or 10 V input.—J. M. Howe, Transistorized veo is turned off for 15 min. Useful when 


Voltage-Frequency Converter Operates Line- several vco’s are used alternately to cover 


arly, “400 Ideas for Design Selected from larger frequency range. Diode in feedback 
Electronic Design,” Hayden Book Co., N.Y., Joop minimizes thermal effects.—A. Barone, 


1264, 827: PIN-Diode Turnoff for Microwave VCO, EEE, 
Sept. 1967, p 133-134. 
+20V Vo 
CONTROL. 
VOLTAGE 
mye 
+300V 


O005zt IN66O 


IN660 0.05 


O.2 pt 
IN66O 


trol range is about 4 to 45 V, with pulse through 2N834 amplifier—B. Pearl, Com- p 66 and 68. 


pF 
t avo 
OUTPUT 


period varying from about 0.2 to 2 ms. parator Circuit Controls Repetition Period 
age control of pulse repetition period. Con- Comparator diode CRI triggers mono mvbr linearly, Electronic Design, June 22, 1964, 
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aCONTROL 
VOLTAGE 


og QTPUT 
FREQUENCY 


FD100 Vv. 
(FAIRCHILO} | 

3~11 MHZ VCO WITH CROSS-COUPLED IC 

GATES—Linearity is better than 5% af full- 
scale frequency over entire control voltage 
STABILIZING VCO—Output amplitude of volt- is obtained when V2 is about 10 mv, ‘ange of 3.5 to 7 V dee. Output waveform 
age-controlled oscillator (VI) is stabilized Operation depends on the fact that dynamic 'S SdUare, with rise and fall times typically 


over its frequency range by simple junction resistance of junction diode varies inversely less than 5 ns, Output amplitude varies with 
diode circuit that acts as nonlinear resistive with input changes.--F. Giannazzi, Diode’s control voltage, but this can be overcome by 
divider whose ovtput V2 varies inversely Resistance Variation Stabilizes Signal Ampli« adding another gate or buffer.—l. Israely, 
ioxe eat . . Improved VCO Uses TTL IC, FE, Sept. 1968, 
with input changes, Proper circuit operation tudes, Electronics, June 26, 1967, p 107, 164 or . 
p 106~107, 


2N2923 


+2-—~ /W 4.7N E ork 


—-+| /—I sec range of 20 Hz to 40 MHz.~A. Goodman, 


: : I Via Bal- 
PANORAMIC-RECEIVER VCOQ—Balanced-bridge modulation on signal, Article gives design Improve vco Ne psec baton. Nie 
summing network at lower right makes center equations. Oscillator has linear voltage-fre- Maas anand a 
frequency of veo Q1-Q2 independent of quency characteristic over required receiver 22, 1965, p 48 an = 
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Ql 
2N4062 


= 15 Volts 


ELECTRONICALLY VARIABLE CAPACITOR— 
Gives output swing of over 100 kHz in volt- 
age follower mode when using OEI opamp 
having unity-gain frequency of 60 MHz. Re- 
port gives detailed description of operation. 
Useful in voltage-controlled L-C and R-C = 
oscillators and filters.—An Electronically Vari- 


—12.5V 


able Capacitor, Optical Electronics, Tucson, 
Ariz,, No. 10042, 


VOLTAGE-FREQUENCY CONVERTER—Linearity 
is better than 0.5% over frequency range 
of two decades produced by input signal 
range of 0 to 1 V d-c. Rate of charge of 


input voltage,—S. G. Johnson, Voltage-To- 
Frequency Converter Built With One UJT Os- 
cillator, Electronic Design, Dec. 6, 1967, p 
122, 


C2 in ujt oscillator Q2 varies linearly with 


R2,R4— 200 OHMS 


+5VOLTS 
O ALL GATES ARE |/4 5N7400(TI) 


7-MHZ VCO USING TTL GATES—lLow shunt 
Capacitance of gates permits much higher 
upper frequency limit than is possible with 
cross-coupled transistors. Frequency can be 
increased or decreased 10% by varying in~ 
put control voltage between +5 V and —5 
V. Resistor values are chosen to bias gates 
at their turnover points, typically 1.4 to 2 
V. Inverting gates are optional, but will 
improve wave shape and buffer output from 
external clock load,—A, C. Burley and A. V. 
Aellen, High-Frequency VCO Uses TTL Gates, 
Electronic Design, May 24, 1970, p 112 and 
114, 


RS of 
Ik (O0pF 


VIN OUTPUT 


DIFFERENTIAL AMPLIFIER SINGLE SHOT MULTIVIBRATOR 


= supply-voltage variations. Frequency change 
is less than 1% for 30% supply-voltage 
change and temperature range of —25 to 
100 C. Can be used as voltage-controlled 


oscillator by applying varying d-c voltage to 
base of Q2.—J. Kisslinger, Pulse Generator Is 
Supply And Temperature Independent, Flec- 
tronics, May 27, 1968, p 106. 


STABLE SQUARE-WAVE—Time constant RIC1 
is essentially independent of temperature and 
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DUAL-GATE IC AS VCO—Total cost of parts is 
under $1. Gates are connected as free-run- 
ning mvybr whose frequency is controlled 
over range of 30 to 70 kHz by d-c input con- 
trol voltage of 4 to 9 V.—L. Toth, Voltage- 
Controlled Oscillator Uses Two Integrated 
Circuits, Electronic Design, Nov. 8, 1969, p 
109, 


OUTPUT 
de INPUT 


O 
(30TO 70 
kHz) 


VOLTAGE-CONTROLLED 800 KHZ—1.7 MHZ— 
Serves as local sweep oscillator in superhet 
receiver used for signal analysis and/or 
signal identification. Provides greater linear- 
ity over wider bandwidth of modulation than 
conventional circuits. Uses mvbr operating 
from well-regulated power supply. Article 
gives design equations and performance 
graphs.-A. Goodmen, Increasing the Band 
Range of a Voltage-Controlled Oscillator, 
Electronic Design, Sept, 28, 1964, p 28—35. 


OUTPUT 


INTEGRATOR 
2N3972 


RI 
330k 


COMPARATOR 


TRIANGLE AND SQUARE WAVES~Provides 
choice of outputs with excellent linearity and 
good stability, with output frequency of 80 
te 8,000 Hz determined by d-c control volt- 
age in range of 10 mV ta 1 V. Outputs are 


90 deg out of phase. CR3 and CR4 are tem- 
perature-compensated reference diodes that 
conduct only in reverse direction.—J. M, Kas- 
son, Op Amps Simplify Linear VCG, EDN, 
Nov. 1, 1969, p 65-66. 


R8 
Vk 
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CROSS-COUPLED NOR GATES~Low-cost veo 
may be used as f.m generator, phase-lock 
loop reference, or analog-digital converter, 
IC gate connections form astable mvbr for 
which frequency is 0.5 Hz when CI and C2 
are 100 “F and control voltage is zero. 
With 10 uF for both capacitors, frequency is 
6.3 Hz; 4,700 pF gives 20 kHz; 110 pF gives 
757 kHz,—E. S$. Donn, Wide Range VCO 
Uses IC, EEE, May 1967, p 182 and 184. 


or a a) 
+2V 2kO RV 


2kO 
A/D CONVERTER DRIVES STEPPING MOTOR— 
Magnitude of analog input voltage determines 
period between output pulses, making num- 
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METER GAIN AND BIAS 
DISCRIMINATOR—Veo is 


205 Hz. 


full 360-deg range. System 
that long used in f-m/f-m_ telemetry. 


phase- 
locked to incoming prr in range of 95 to 
Average value of phase-detector 
output varies linearly with phase angle over 
is similar to 
Fre- 
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ber of output pulses per unit time propor-~ 
tional to magnitude of analog input signal. 
Uses Philips DOA40 opamp and PS10 gate 
to drive pulse generator—O. Beate, Simple 
Analogue-to-Digital Converter, Philips, Pub. 
Dept.,, Elcoma Div., Eindhoven, The Nether- 
lands, No. 68. 


quency coverage is achieved in three ranges 
by switch at bottom.—P. B. Uhlenhopp and 
L. G. Smeins, Try Using VCOs as Discrimine~ 
tors, Electronic Design, June 7, 1970, p 86— 
87. 
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Motorola 
ST36 


= % 12AT7 


CURRENT SOURCE AS VCO-—Current source 


OPTOELECTRONIC VCO—Two Roysistors in charges capacitor linearly at rate determined 
e fe 5 by input voltage. Capacitor discharges when 
grid circuits of anode-coupled mvbr, with ‘ 
Fi : its voltage exceeds breakdown voltage of 
lamps in parallel, provide frequency range f | diod C b. d 
of 5 to 5,000 Hz for d-c input control volt- aaliyah aa i nea 
‘ circuit, with or without synchronization by 
age range of 0.4 V. Raysistors can be Ray- eae 
4 5 external pulse, Linearity is better than 1% 
theon CK1102,—Raysistor Optoelectronic De- 
. Pre of full scale as voltage-frequency transducer 
vices, Raytheon Components Division, bel 1 kHz.—Applyi he Model 8106 
Quincy, Mass., 1967, p 18. hake Beer yng, fen eee 


Monolithic Precision Current Source, Optical 
Electronics, Tucson, Ariz., No. 10168. 


Ve = 10 V Full Scale “Ve o 
Fo = 1MHz FS, C2 = 100 pF 
Fo = 100 kHz FS, 

C, = 1 


LINEAR VCO—Generates both square and 
sawtooth waveforms at frequency dependent 
on differential control voltage Ve having 
equal positive and negative levels, Control 
voltage is readily generated by signal itself 
TRIANGLE and inverted signal of opamp such as OEFl 
OULPUE 9302.—Applying the Model 9300 Monolithic 
Operational Amplifier, Optical Electronics, 
Tucson, Ariz., No. 10134. 


Ca ~ adjust at iMHz and higher 


+12v 
wv SUL 


OUTPUT 


20k 370k 


INTEGRATOR 


VOLTAGE DETECTOR 


‘REFERENCE NETWORK supply. voltage. QOpamp Al serves as inte- 

en grator and A2 as Schmitt trigger. Used in 
: voltage-controlled oscillator increase linearly analog-digital converters.—D. d Knowlton, 
0-1 KHZ VCO—Increasing d-c input voltage from 0 to 1 kHz. Output frequency is stable © Two OP Amps Simplify Design of Oscillator, 
from 0 to 5 V makes output frequency of within 0.1% for variations up to 15% in Electronics, April 27, 1970, p 92. 
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Voltage-Level Detector Circuits 


24y 


Sr 


2N4921 


POWER ZENER—Zener conducts when supply 
voltage reaches 24 V, developing voltage 
across IK resistor that turns on transistor. 
Resulting increased power is obtained at 
fraction of cost of power zener otherwise 
required.—J. ©. Schroeder, Transistor In- 
creases Zener’s Power Capability, Electron- 
ics, Sept. 16, 1968, p 99—100. 


INPUT 
VOLTAGE 


+5vd-e 


AUTOMATIC VOLTMETER—-IC 
other standard logic circuits 
shown give automatic three-range switching 
for voltage comparator. Voltage limits are 


opamps and 
connected as 
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+10 
_-\_/_... TRIGGER 
LEVEL 


0 +10V 


ALL TRANSISTORS 2N696 


5.6-5.8 V GO-NO-GO—Provides voltage dis- 
crimination within 0.2-V passband for auto- 
matic testing. Only voltages within pass- 
band cause switching of Schmitt trigger. 
For other 


R3 controls width of passband. 


ANALOG 
DEVICES 
106 


ANALOG 
DEVICES 
$06 


independently adjustable. One output will 
indicate whether input is above upper limit, 
another will indicate whether input is be« 
tween limits, and third output will indicate 


GO bands, input voltages should be applied 
to QI through suitable voltage dividers or 
zener diodes.—R., Vokoun, Voltage Level Dis- 
criminator Provides Go-No-Go Indication, 
Electronic Design, Nov. 23, 1964, p 67~69, 


HIGH VOLTAGE 
METER SCALE 


GbI2 


AND GATE 


INTERMEDIATE 
VOLTAGE 
METER SCALE 


GOL 


LOW VOLTAGE 
METER SCALE 


whether input is below lower limit. Any 
limit may be either positive or negative.— 
W. Ellermeyer, Voltage Comparator Is Made 
With Op Amps and Logic Gates, Electronics, 
July 8, 1968, p 91~92. 


VOLTAGE-LEVEL DETECTOR CIRCUITS 


VOLTAGE-LEVEL DETECTOR—Differential ampli- 
fier has two stable states as in flip-flop, and 
changes state whenever d-c input level goes 
above preset reference level. With compo- 
nents shown, differential of only 100 mV 
with respect to reference will change state. 
—G. Richwell, Adjustable Level-Detector, EEE, 
Oct. 1966, p 139. 


+9¥ =l2v +4.5¥ 

40k 40k Re 2N3209 

& i00k 
e) 
2N918 Nas 

2-Mhz 150-nsec i? e (" 
BuRST . 
IMPULSE NN ai) uN 


SCHMITT TRIGGER 


ONE-SHOT 


VIDEO BURST PEAK DETECTOR—Useful where 
position of peak in video signal is required, 
as for sampling time delay signals and for 


video, radar, and sonar equipment. Com~ 
parator circuit can sense highest peak of 2- 
MHz a-m burst to within 5 mV for peaks up 
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AMPLIFIER AND 
FIELD EFFECT STORAGE 
+9v 


COMPARATOR 


to 1 V.—D, 5. Greenstein, Detector Stores 
Peaks of Video Bursts, Efectronics, Oct. 3, 
1966, p 104—106. 


SYNC PULSE 
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FAIL-SAFE VOLTAGE MONITOR—Opevates 
latching relay when input voltage exceeds INPUT 
threshold level set by RI. For fail-safe ap- O 
plication, relay contacts ave connected to 
remove power from system or perform other 
required function. Transistors provide tem- 
perature compensation to improve accuracy. 
—M. Furukawa, Voltage-Sensing Circuit Is 
Temperature-Compensated, Electronic Design, 
May 10, 1967, p 90-91. 


INPUT 


RANDOM 
LEVEL ESC CORP, 10A26 
t A DELAY LINE 


(INPUT ig 0.25 sec 


GAIN CONTROL 


CORE PULSE-HEIGHT DETECTOR—Self-track- 


ing detector is virtually independent of duty 
cycle, recovers core-memory outputs having 
random d-c component, and can detect sig- 
nals in presence of noise frequencies that 
are one order of magnitude lower than sig- 
nal, Will detect 200-ns pulse with rise time 
of 100 ns. Uses comparator method, by 
making comparison between each half-cycle 
preceding and following d-c level crossing. 
All transistors are 2N711.—R. T. Shevlin, 
Pulse-Height Detector Operates Independently 
of D-c Input Level, Electronic Design, March 
29, 1965, p 32-33. 


+24V 


, 


RESET 


Rema we 


OUTPUT 
() 


: if Cmemory 


PEAK SENSE AND HOLD—IC analog compara- 
tor serves for comparing input voltage with 
that across memory capacitor. If input is 
greater than that of capacitor, oviput moves 
in positive direction to charge capacitor until 
it equals input voltage. 5501 then changes 
state and reverse-biases diode, isolating ca- 
pacitor to hold value of input voltage.— 
Applying the Model 5501 Monolithic Analog 
Comparator, Optical Electronics, Tucson, 
Ariz., No, 10147. 


Positive 
Input 
O 


Upper Limit 
O 


Unknown 


OUTPUT 


WINDOW DETECTOR—Uses two analog com- 
porators to give zero output when unknown 
input voltage is within predetermined ac- 
ceptable range or “window.” Qutput is post- 
tive when unknown is beyond limits that ore 
independently set.—Applying the Model 5501 
Monolithic Analog Comparator, Optical Elec- 
tronics, Tucson, Ariz., No. 10147. 


VOLTAGE-LEVEL DETECTOR 


INFUE@ COMPARATOR 


NARROW-PULSE PEAK SENSOR—Provides ex~- 
act proportionality of d-c output to input 
signal peaks. Has low threshold, for re- 
sponse to very slight increases in peak am- 


ip 


“12 
0.2 us and duty cycle below 1% for repeti- 
tive signals. IC differential comparator 
samples peak and compares it with existing 
d-c output voltage, then drives level shifter 


CIRCUITS 


STORAGE 
CAPACITOR 
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2N3823, 


de QUTPUT 


current to storage capacitor that governs d-c 
output voltage.—W. C. Dillon, An Operational 
Peak Detector Captures Very Narrow Pulses, 
Electronic Design, Oct, 25, 1967, p 138 and 


plitudes. Will handle pulses as narrow as controlling transistor switch that supplies 140. 
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PEN RECORDER SCALE CHANGER—Although 
developed to operate with spectrometer that 
repetitively scans frequency band of light 
emissions in upper atmosphere, this low-cost 
scale changer can be used with other meters 


and recorders as well, Three ranges are 


provided, with automatic changing at end of 
scan when input during scan rises to 1 V, 
2 V, and 4 V. Article gives operating de- 
tails, Peak-level detector stage E drives 
three identical chains of F, G, and H stages, 


one for each scale factor. F stages provide 


impedance matching. G stages are flip-flops 
adjusted to switch at different input voltage 
levels. H stages operate as ground switches. 
—B. E, Bourne and R. L, Gattinger, Automatic 
Scale Changer Shifts Recorder Range, Elec- 
tronics, May 15, 1967, p 95-97. 
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PEAK DETECTOR—Basic diode-capacitor peak 
detector accuracy is improved 1,000 times 
by adding fet and IC opamp. With nulling 
switch open and positive pulse at input, cir+ 
cuit acts as inverting amplifier, When 
downward transition of pulse begins, output 
is held constant at peak value because de- 
tector and source follower cannot follow 
change in polarity. To adjust output for 


zero offset with zero input voltage, close 
nulling switch and adjust 20K pot.—A. E. 
Vinatzer, High Accuracy Obtained from Peak 
Detector Using Op Amp, Electronics, March 
17, 1969, p 94, 


DETECTOR AND COUNTER—Circuit 


shown 
will detect envelope of bursts of high-fre- 
quency pulses in range of 1 kHz to 1 MHz 


if suitable component values are used. For 
those shown, upper limit for input prf is 1 
kHz. If 01 is comnected to point A instead 
of to +5 V, circuit becomes pulse counter 
that delivers output pulse after arrival of 
specified number of input pulses, After each 
circuit lock-up, 0,01-uF capacitor must be 
discharged manually or given time to dis- 
charge before input is reapplied.—K. Sheth, 
Pulse-Train Detector and Counter, EEE, Nov. 
1966, p 156. 


+15V +5V +5V +15V +5V 
9 
5K 3302 a 
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Qo ma" 
2N2412 Vout 
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PICK~UP 


-15v -15V 


Logic Signal 


Cy Initial 


Condition 


O Reset 


for 


i 


INVERTING PEAK DETECTOR—Uses  Burr- 
Brown 9580. electronic switch and two 
opamps to provide high-speed reset to initial 


10 k 


Gain accuracy and input imped- 


conditions, 
ance are determined by 10K 
summing network. Can reset to either nega- 
tive or positive initial conditions, permitting 
use as peak detector even if some maxima 


resistors in 


ESE; beck) P 


are negative and some positive.—Operational 
Amplifiers, Burr-Brown Research, Tucson, 
Ariz., LI-327, 1969, p 43. 
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+22VDC 


ANALOG 


INPUT 
DIGITAL 4 
> OUTPUT B 
2N697 bs | 
a 
aq 
= 
IN 2929 3 
” 
= = 5 
ANALOG VOLTAGE SENSOR~Action of posi- 2 


REQUIRE OUTPUT 
INDICATION 


REQUIRE OUTPUT 
INDICATION 


tive-going analog input voltage on tunnel 
diode makes transistor saturate, at prede- 
termined input point, so as to switch tran- 
sistor on for positive halves of input signal 
cycles.—Tunnel Diode-Transistor Level Sensor 
{Circuit Digest), Electronic Design, March 2, 
1964, p 58. 


TIME 


+6V +6V +6V 
) 


SYLVANIA 
6ESB 


40K MCIS356 


QUAL OP AMP 


EQUAL VOLTAGE TEST—For balancing two 


voltage-divider points in production testing. 
Only 200-mV difference in either direction 
causes variation in illumination level of 
lamps, Any reference from zero to dissipa- 
tion level of tube can be used instead of 9 
VV shown.—E. Bauman, “Applications of 
Neon Lamps and Gas Discharge Tubes,” Sig- 
nalite, Neptune, N.J., p 145. 


ENVELOPE DETECTOR—Pilot lamp is turned 
on when input signal voltage is above upper 
limit V2 or below lower limit V1. Amount 
of hysteresis about each limit is function of 


RI and R2, and is 69 mV for limits of 2.5 V 
and 3.5 V.—K. Wolf, Signal-Level Envelope 
Detector Uses Dual Operational Amplifier, 
Electronic Design, Feb, 1, 1969, p 78 and 80. 


5 MV—-10 V LEVEL DETECTOR—High-sensitivity 
voltage level detector, using only tunnel 
diode and two transistor switches, requires 
no diode limiters to protect from overload. 
To sample input, Q2 is turned off by sample 
pulse. Q1 will switch only if input signal 
is positive during sampling time. With Ry 
minor changes, circuit can be used as tran- 


+i2vdec 


{N14 OUTPUT sient detector or level comparator.—A. J, @ 26°C 
IN752A SIGNAL Welty, Tunnel-Diode Level Detector {Is Ultra- a 
IN754A Sensitive, Electronic Design, Jan. 4, 1965, p eNTOS 
73-74, 
{Ok 2N2369 
INPUT 
SIGNAL 


= 10 pt — 
THRESHOLD DETECTOR—Zener diodes clamp 
collector of transistor at 0.5 V, just outside 
saturation region, to eliminate turnoff delay 
and thereby give faster rise and fall times, 
of order of 30 ns. Threshold value is inde~ 
pendent of temperature if temperature co- 
efficient of DI is matched to D2 and that of 
D3 is matched to base-emitter junction of 
Ql. Potentiometer sets threshold level.—B. 
Fugit, Collector Clamping Improves Thresh- 
old Detector, Electronics, Sept. 30, 1968, p 81. 
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a4 Q3 
100k 100% Ch 
0.3nF 
OL FI [pF 
o \k Pe ik 
A 
8B 


Q2 Ql 
500 500 


AMBIGUITY — Three-level voltage 


to eliminate ambiguity in display, 


monitor 
automatically turns off lower-level indicator 
lamps when Samp at higher level is triggered, 
Uses 
C106B1 scr’s and any suitable neon lamps. 
If circuit is to monitor 100 V dec to tolerance 
of 2 V, RA and RB are chosen to make QI 
and Q2 fire when Vi is 102 V and 98 V. 
Technique can be extended to more levels 
by adding more sections like middle one 
(Q2-Q3-L3),—A. Prokop, SCR Threshold De- 


Q 


OUTPUT 
sy UJ 
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PULSE AMPLITUDE-POLARITY SORTER—Q1 de- 


tects positive input pulses and amplifies them 
sufficiently to drive several output circuits, 


8 rs while Q2 
negative input pulses. 


similarly detects and 


amplifies 
Transistor types are 


not critical, as long as QI is pnp and Q2 


is npn, 


Zenérs CRI and CR2 are chosen to 


maintain associated transistors back-biased 


duct. 
isolation. 


tector Eliminates Ambiguities, Electronic De- 


sign, Sept. 1, 1969, p 104 and 106, 


UNCER 
VOLTAGE 
ADJUST 
68K 


SIGNAL 
INPUT 27K 
oO 


CIRCUIT B 


SAME AS 
CIRCUIT A 


+15V 


10K 


(©) type 327 


1 
2 

UNDER VOLTAGE 3. CAPACITOR'S VOLTAGE RATINGS 25V MIN 
4 
5 


~-8Y = -2NIZ08 
cIRCUIT C 


LAMP 


+15V CIRCUIT _A 


CIRCUIT D LAMP 


SAME AS 
CIRCUIT C 


NOTE! 


. ALL DIODES IN645 


-6V Q5 


NORMAL 
VOLTAGE 


until incoming pulse makes transistors con-~ 
Other 
Signal-level adjustments are best 
made by using variable resistors for R1 and 
R6. Pulses of different levels can be sorted 
by using several circuits in parallel and ad- 
justing each for different Sevel. 
sistor values are not critical—F. W, Kear, 
Pulse-Sorter Network Detects, Amplifies Bi- 
Polar Signals, Electronic Design, 
1965, p 48-49, 


two diodes simply provide 


Other re- 


Aug. 30, 


Q¢6 ¥ 
~8V eniz08  X 


OVERVOLTAGE 
LAMP 


2NI308 


CIRCUIT E 


SAME AS 
CIRCUIT C 


. RESISTORS ARE 1/4w 


. CAPACITOR VALUES IN pf 


. VARIABLE RESISTOR IN COLLECTOR 
CIRCUIT OF Q, IS A 25TURN RESISTOR 


UNDER-OVER-NORMAL LAMPS FOR D-C 
VOLTAGE MONITOR—Range of operation is 
0.5 V to 8 V for valves given. Monitor 
uses two identical channels containing cir- 
cuit A having six transistors. These two 
channels feed circuit C (lower left), D, and 


E, as indicated in block diagrams, to drive 
indicating lamps. Article describes opera~ 
tion of circuit.—G, W. Gault, Simple Voltage 
Monitor Increases Sensitivity, Electronic De- 
sign, Sept. 14, 1964, p 70. 
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IN3606 6.8K — IN3604 


¥ IN3606 


© OUTPUT 


INPUT (9) 


R! 


Vi 
Vo= [tp- “ont (R2+R3) 


ADSUSTABLE HYSTERESIS—Differential com- 
parator and xener provide independently 
adjustable voltage trip point and hysteresis. 
Q1 and Q3 can be 2N3904 or equivalent, Q2 
2N3096 or equivalent, and D1 1N708. R7 
varies reference level, for changing trip point 
from 0.7 V to 5 V, while R5 changes hys- 
teresis.—R. Billon, Level Detector Has Inde- 
pendently Adjustable Hysteresis and Trip 
Point, Electronic Design, Oct. 11, 1967, p 98. 


MODULATED 
CARRIER 


PEAK SENSING WITH TUNNEL DIODE-—-Used 
to measure peak voltage of waveform that 
repeats well above 60 times per second, 
100-4F capacitor is charged by half-wave 
rectified 60-Hz voltage that also is applied 
to anode of scs 3N81. When input wave- 
form brings tunnel diode to its peak point 
current, diode switches and turns on ses, 
terminating charging of capacitor, In nega- 
tive half-cycle, capacitor discharges slightly 
but is recharged on next positive half-cycle. 
Output voltage is thus proportional to peak 
of input waveform.—W. R. Spofford, Jr. Ap- 
plications For The New Low Cost 1TD700 
Series Tunnel Diodes, General Electric, Syra- 
cuse, N.Y., No, 90.66, 3/67, p 10. 


ENVELOPE PEAK DETECTOR—Can 


modulation frequencies from d-c 40 30 MHz. 
Input waveform is applied simultaneously to 
two IC integrators connected to have differ- 
ent time constants. This gives intersecting 


output waveforms, intersections of which are 
detected by two IC comparators, Adjusting 
R3 changes time constant of one integrator to 
make leading edge of output pulse of one- 
shot correspond to peak of desired wave- 
form, Article gives detailed explanation of 
circuit operation.—£, B, Dalkiewicx and E. 
tybarger, Intersecting Waveforms Trigger 
Peak Detector, Electronics, May 1, 1967, p 
69-~70, 
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MULTIPLE-VOLTAGE MONITOR—Simple com- 
parison amplifier and summing junction are 
used to compare junction voltage with ref- 
erence voltage that is actually system ground 
or zero. Used for monitoring system having 
many power supplies with voltage levels of 
both polarities. Any change in one of moni- 
tored voltage levels will unbalance compari- 
son amplifier and make warning lamp glow, 
Voltage measurements must then be made 
to identify defective supply. Sensing ac- 
curacy is 5%.—R. C. Gerdes, Voltage Sensor 
Monitors Multiple Power Supply Outputs, 
“400 Ideas for Design Selected from Elec- 
tronic Design,” Hayden Book Co., N.Y., 1964, 
p 216. 


VslO VOLTS 


IO VOLTS WHEN Ejn < | VOLT 
Vor 
0 VOLTS WHEN Ej, } 1 VOLT 


GE 2N3605 


LOGIC-LEVEL LAMP—Lamp lights when probe 
is touched to terminal having pulse amplitude 
Speeds trouble- 
shooting of digital circuits by eliminating 
Lamp 
Light-emitting 
diodes such as HP5082-4400 in series with 
470-ohm resistor may be used in place of 
Level detector Q1 
triggers I-ms mono mvbr Q2-Q3.—J. M. Firth, 
Go/No Go Circuit Gives Visual Indication of 
RTL Logic Level, Electronic Design, Feb. 15, 


or d-c level above 0.7 V. 


need to look at cro or meter. 
mounted directly on probe. 


Jamp for faster response. 


1970, p 88, 


HOLDING PEAK VOLTAGE—Will hold peak 
voltage of short-duration analog signal for 
any required period up to several hundred 
ms. Permits use of pen recorders having 
slow response. Value of CI determines 
holding period. First three transistors form 
combined Schmitt trigger and one-shot,—P, 
P. Tong, Peak-Hold Circuit, EEE, March 3967, 
p 164 and 166, 
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REFERENCE 
VOLTAGE 


TUNNEL-DIODE LEVEL DETECTOR—Adjusting 
value of input resistor will make tunnel 
diode switch at any desired threshold volt- 
age, and turn back off when input voltage is 
dropped to zero.—W. R. Spofford, Jr., Appli- 
cations For The New Low Cost TD 700 Series 
Syracuse, 


Tunnel Diodes, General Electric, 
N.Y., No, 90.66, 1967, p 8. 


Q2 
2N 4402 


Q3 
2N3906 


is 


ISk 


MINIATURE 
1OV BULB 
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$20% 
TDTIO 


al 
2NI8os 


pee wen 


937 


1Q-KHZ SINE-WAVE PEAK DETECTOR—Simple 
tunnelxdiode threshold detector senses peak 
values exceeding preset level. Output volt- 
age is near supply voltage while input is 
low, and drops to about zero when input 
exceeds threshold value controlled by setting 
of Ri.-D. B, Heckman, Sense Signal Levels 
with @ Tunnel Diode, Electronic Design, Feb. 
1, 1969, p 48—ST, 


THRESHOLD 


OUTPUT VOLTAGE 


IN4148 


OUTPUT 
0) 


bea owed 


VOLTAGE LIMIT MONITOR—Relay contacts DUAL SENSE AMPLIFIER—Uses two 5501 ana- 
are closed as long as d-c input voltage is Jog comparators to indicate when any un- 
within specified limits. If voltage rises balance or voltage difference exists on two 
above limit, Q1 conducts and shorts out relay input fines. Output is positive regardless 
coll. If voltage drops below limit, both of which input line is more positive. Noise 


transistors cut off and relay drops out. Ze-~ 


on lines does not cause false output indica- 


ners determine veltage limits. -O. Tedanstig, tion.—Applying the Model 5501 Monolithic 
Monitor DC Levels with a Simple Circuit, Elec- Analog Comparator, Optical Electronics, 
tronic Design, June 6, 1968, p 110 and 112. Tucson, Ariz., No. 10147, 
a art diecast a ae Sek GE | 
INIG14 
$270 ¢ 3 2 
100ut ok , 
150v 
asv 
1N30248 1N29928] 1N2999B} IN3QO{B] 1N3003B/ 1N30058) IN3008B| {N3OI18 
\ \ \ \ \ 
39v Ds(S6v O,{68vy Ds{B2v Dgii0Ovy Dy{!20v Dg |t50v 
W327 
sat nee oe Ls a 
MONITORING POWER-LINE TRANSIENTS~ bination corresponds to detected voltage because they avalanche dnto conduction, 
Provides continuous surveillance of 28-V dee level about 5 V above zener breakdown Operator then knows that spike was greater 


supply line, storing approximate voltage 
magnitude of largest transient spike. Each 
zener is in series with sensitive tO-olim 0.066- 
A instrument fuse, and each zener-fuse com- 


voltage. Detection levels for zeners shown 
are 44, 61, 73, 87, 105, 125, and 155 V. 
37-V spike on 28-V line means total peak 
of 65 V, which blows fuses for D2 and D3 


than 61 V but less than 73 V required to 
blow fuse for D4,—-0, Pitzalis, Jr, Zener Cir- 
cuit Detects Transients in Power Lines, Elec- 
tronics, May 12, 1969, p 111. 
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oS Qo 
MC 1027 
on Oe 


Voe+ 5 2V 
OUTPUT 
} ou 


Q4 
2N4257 


PEAK DETECTOR-—Delivers d-c voltage pro- 
portional to peak amplitude of pulses as 
narrow as 10 ns. Negative output voltage, 
proportional to voltage across C2, is fed 


back to inverting input of Motorola MC- 
pet 
35Vde 
SPRAGUE 
150 0 
V (PEAK) IN 
FROM 
TRANSISTOR 
UNDER TEST 
iN BREAKOOWN 10M 
CHASSIS 
iM 
2ma, 
Sp sec 
PULSE 
THRESHOLD DETECTOR—Circuit shown is 
typical of five voltage level detectors used 
with automatic transister r-f breakdown 


tester to indicate breakdown voltages in five 
ranges between 90 and 135 V. Lamp gives 
go-eno-go indication. Article includes meas- 
uring circuit and block diagram of automatic 
production tester.—P. Schiff, R-F Breakdown 


CURRENT 
AMPLIFIER 


RESET 
SIGNAL 


Vee 


1035L_ differential-input gate to -52V 


serve as 


arbitrary reference against which negative- 
going input pulse is compared. Reference 
tises with each input pulse until equilib- 
rium is 


Output is independent of pulse width.—M. J. 
Prickett, Peak Detector for Very Nerrow 


reached and C2 Pulses, EEE, June 1970, p 92 and 94. 


stops charging. 


CURE FOR VOLTAGE-DROPPING HYSTERESIS 
—Use of ujt oscillator Q1 in voltage indica- 
tor overcomes hysteresis effect. Circuit will 
trigger off within 2% of desired level for 
triggering on, over wide temperature range. 
Supply voltage is 28 V. Lamp glows when 
voltage reaches desired level. If two circuits 
are used, with relays in place of lamps, they 
can be used to remove power whenever 
voltage goes above or below 2% of desired 
trigger level determined by R7.—J. V. Crow- 
ling, Solid-State Voltage Indicator Over- 


comes Hysteresis Problem, Efectronic Design, 
Dec, 21, 1964, p 51-52. 


+28v 


470 


ae Y aioe 
ark 


LP 2N3053 


150,1W 


JL 


Phenomenon Improves the Voltage Capability 
of a Transistor, Electronics, June 12, 1967, 
p 97-101, 
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HYSTERESIS CIRCUIT DESIGN—Article gives 
mathematical procedure requiring cafcula- 
tion of only four resistor values to obtain 
desired upper and lower threshold points on 
hysteresis curve. Design approach assumes 
opamp input impedence is much larger than 
source impedance, and output impedance 
much smaller than load impedance, with 
amplifier switching state when differential 
input voltage is 0 V. Values shown are for 
6.2 V upper threshold and —0.7 V flower 
threshold, with 3 V input required for switch« 
ing amplifier from low to high state and 
0.5 V for high to low state.—W. A. Cooke, A 
Simplified Design Approach for Hysteresis 
Circuits, Electronics, Nav, 10, 1969, p 106, 


THREE-VOLTAGE MONITOR—Lamp glows only 
when all three supply voltages are present 

in typical pnp digital system having nega- 
Seeieyone tive collector and clamp supplies, and posi- 
tive bias supply. For npn system, use com- 
plementary version of circuit, Absence of 
any one voltage extinguishes lamp, giving 
true AND function, Stabistors provide tight 
contro! over error level of clamp voltage.— 
D. Chin, DC Presence Indicator Checks Three 
Voltages, “400 Ideas for Design Selected 
from Electronic Design,” Hayden Book Co., 
NLY., 1964, p 155. 


BINARY 
INPUT 
100K 
10 
100K 
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100 K 50K 
30 BINARY 
100 k 0 OUTPUT 
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100K > 3.9K 5 
50 
100 k = ba 
60 - (3) 
100K INI513 
© ZENERS 
100K 3K 
BO 
erend INISI3 
90 


ZERO REFERENCE 


NINE-INPUT LEVEL DETECTOR—Simple opamp (0 V for logical zero) or on (~-11 V dec for design of radio telescope.—W. Leroy Gahm, 
circuit with diode limiting serves in place of logical one). Output is binary one only Binary Level Detector for Input Step-Voltages, 
expensive binary logic. Binary output de- When more than preselected number of in- Electronic Design, Oct. 26, 1964, p 50. 
pends on whether each binary input is off puts is one. Developed in connection with 
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OUTPUT 


VOLTAGE SENSING—When input voltage to 
be sensed exceeds reference voltage applied 
by external source, ujt fires and produces 
output pulse that can be used to fire ser or 


other pulse-sensitive device, RI adjusts 
trigger level. Trigger current required is less 
than 5 uA, Long-term voltage stability is 


10 mV, and short-term is 1 mV.—T. P. Sylvan, 
The Unijunction Transistor Characteristics and 
Applications, General Electric, Syracuse, N.Y., 
No. 90,10, 1965, p 79. 


2k 


1N4009 
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AUTOMATIC RANGE SELECTOR—Electronic 
range-changing switch for voltmeter uses two 
opamps to compare input voltage with fixed 
reference derived from divider R4-R5, With 
values shown, ranges provided are O~1 V and 
0-10 V full-scale. When input voltage ex- 
ceeds first range, output of opamp A710 
goes negative and shuts off Ql, decreasing 
gain by factor of 10 for upper range, Iso~ 
lation diode can be added to Q1 far driving 
scale indicator showing which range is in 
use.—C, Becklein, Automatic Scaling Circuit 
Uses ICs, EEE, Dec. 1966, p 118. 


3302 


SPRAGUE 
31Z204 


~ 3300 
PULSE REFERENCE 
OUTPUT VOLTAGE 
2k 


1N3595 


Eour 


IE 


24v 
\/4A 


INIG92 


Hb 
OCPS 


OPERATIONAL AMPLIFIERS 


A,Cc NIM MA~30 (NUCLEAR EQUIPMENT) 
B 148-C (ANALOG DEVICES) 
D KM 47~C (K and M ELECTRONICS) 


MEASURING FAST-RISE PULSES—Two unity- 
gain opamp pairs stretch pulses with rise 
times less than 100 ns sufficiently for meas- 
uring peak amplitude with ordinary digital 
voltmeter.—J. McDonald and A. Pinkerton, 
2-Stage Peak-Holding Circuit Stores Submicro- 
second Pulses, Electronics, Nov. 10, 1969, p 
105. 


NOTE: To locate additional circuits in the category of this chapter, use the index at the back 


of this book, 
McGraw-Hill in 1968. 


Check also the author's “Sourcebook of Electronic Circuits,” published by 


CHAPTER 98 


Voltage Reference Circuits 


5-V REFERENCE = SUPPLY—Circuit actually 
gives highly stable 6.7 V, but this can be 
adjusted to exactly 5 V by R5 in precision- 
type output control circuit, Transistor Q4 
serves as temperature-compensating voltage- 
regulator diode. Article gives construction 
and adjustment details.—C. D, Todd, Stable, 
Low-Cost Reference Power Supplies, Flectron- 
ics World, Dec. 1967, p 39-41 and 79. 


TRIAD N51X 
44003 (4) 


415 Vac 
60 Hz 


—4 KV BRIDGE REFERENCE—Diode bridge 
coupled to astable mvbr clamps random- 
frequency random-width digital input pulses 
to d-c level without distortion. Used to un- 
blank crt where grid is biased at -~4 kV 
below ground.—W. E. Peterson, D-c Restorer 
Clamps Random Pulses to a Reference, Efec- 
tronics, July 7, 1969, p 106, 


AT be 
wlLJT 56k 


INPUT 


ALL DIODES 1N914 EXCEPT WHERE SHOWN 
ALL TRANSISTORS 2N708 


1N2985B 


INI692 


U7TV ALC, 


TI-U7V226,8V C.T. TRIAD F-40X 


8,555 V 


¥£ IN400I"™ 
° 


ALL TRANSISTORS ARE 2N3638 


CASCADED ZENER REFERENCE—Provides ref- 
erence voltage supply of 8.555 V, which 
changes only 0,0001% for 10% input volt. 
age change. 1N2985B 22-V diode absorbs 
large changes in input, permitting operation 
of second diode over linear range.—/Zener 
Diode Handbook,” Motorola, Phoenix, Ariz., 
1967, p 6-19. 
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10-V REFERENCE SUPPLY—Provides constant 
voltage, independent of temperature, for 
calibrating lab or shop instruments and for 
monitoring very small voltage changes. Sta- 
bility is achieved by using low-cost transis~ 
tors as temperature-compensated voltage 
regulator diodes. Article gives construction 
and adjustment details, and chopper circuits 
for making a-c measurements,—C. D. Todd, 
Stable, Low-Cost Reference Power Supplies, 
Electronics World, Dec. 1967, p 39-41 and 


ZV AC. 


79. 


& 
62 V D-C WITH POWER ZENER—Converts 
nonstabilized 9-V dec supply to 6.2 V with 


stabilization factor of 50:1. Diode must be 
moynted on heat sink, Hum and ripple 
from source are attenuated in same ratio.— 
“Zener Diodes and Their Applications,” 
Philips, Pub, Dept., Elcoma Div., Eindhoven, 
The Netherlands, No. 17, 1966. 


Qe 
2N5136 


6 


ADJUSTABLE ZENER—Performs functions of 
zener diode, with R2 determining operating 
voltage at any value above about 0.8 V. 
impedance is maximum of 3 ohms below 5 
V, where conventional zeners have consid- 
erably higher impedance and are not always 
readily available—K. Karash, Adjustable, 


Low-Impedance Zener, EEE, March 1970, p 
130, 


13.6 k 


REFERENCE OUTPUT 
20V O— 21V —O 


1N4780 1N4570 


(6.4 V) 


DIFFERENTIAL 


ZENER REFERENCE—Provides 
2.1-¥ reference by utilizing difference be- 
tween 8.5-V and 6.4-V zener references. 
Technique is particularly useful for tempera- 
ture-compensated reference voltage sources. 
—Zener Diode Handbook,” Motorola, Phoe- 
nix, Ariz., 1967, p 6-19. 


TI-U7V,26.8V TRIAD F-40XxX 
DI-D4~INI692, IN400] OR IN5059 


standard calibrator and reference source 


MULTIPLE-VOLTAGE REFERENCE SOURCE—- 
Stabilizing circuit at left of dashed line, using 
zener D1 in series with two-transistor con- 
stant-current source, can be incorporated 
between differential amplifier and any sup- 
ply between 18.5 and 55 V d-c, for excellent 
voltage and temperature stability. When 


ALL TRANSISTORS ARE 2N3638 


, long-tailed pair of power supply 


DI is changed, R3 can be adjusted to give 
same reference voltages and 6,5 V d-c across 
entire resistor string R3-R7.—High Stability 
Reference Diodes BZX47 Family, Philips, Pub. 
Dept., Elcoma Div., Eindhoven, The Nether- 
lands, No. 331, 1968. 


VOLTAGE 


5-V FET REFERENCE—Use of p-channel 2N- 
4343 fet as constant-current source in com- 
bination with resistor gives much better 
femperature stability than convenional zener 
reference. Ouput impedance is below 0.1 
ohm up to full load of 180 mA.—H, Olson, 
Stabilize Voltage Regulator by Replacing 
Zener with a FET, Electronic Design, Sept. 
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TRIAD 
F40xX 


(26.8V oc 
CT) 


2-IN4002 


IN4738A 
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27, 1967, p 72 and 74. 


POSITIVE AND NEGATIVE 5 V—Reference 
voltages of opposite polarity are independ- 
ently adjustable to same value, 5 V_ for 
resistor values shown, or 10 V with different 
values. Voltage drift is only 0.2 mV per 
deg C. Can deliver up to 5 mA per output. 
Uses three Philips DOA40 opamps as voltage 
comparators, with BZX48 zener serving as 
reference voltage. For 10 V reference, use 


15-V positive ond negative supplies and 


BZY88-CBVB 


DIFFERENTIAL-AMPLIFIER | SUPPLY—Provides 
highly stabilized output of about 5.3 V at 1.5 
mA, as required by many differential ampli- 
fiers. Change of 20% in input voltage 
changes output less than 0.011%.—'Voltage 
Regulator (Zener) Diodes,” Philips, Pub. Dept., 
Elcoma Div,, Eindhoven, The Netherlands, 
Application Book, p 46. 


Ry 
3340) 


change R4, R7, and R8 to 10K.—P, van Don-~ 
gen, Voltage Reference Unit Using Type DOA- 
40 Operational Amplifiers, Philips, Pub, Dept, 
Elcoma Div., Eindhoven, The Netherlands, No. . 
65, ov 
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26) 
21% 


CONSTANT CURRENT FOR ZENER—Precision 
voltage obtained by sending constant cur+ 
rent through temperature-compensated ref- 
erence diode DI is compared with voltage 
drop across R2 by differential amplifier Al. 
Amplifier adjusts its output to produce con- 
stant voltage drop across R2 for driving con- 
stant current through D2. Output voltage 
varies less than 2 mV for load currents of 0 
to 300 mA and supply voltages of 15 to 40 
V.~S. Miller, Precision Voltage Reference 
Combined with Voltage Regulator, Electronic 
Design, Sept. 1, 1969, p 102 and 104. 


1N30298 
De 27k 
IN750A 


8.2 V D-~C REFERENCE—Opamp and five com- 
ponents provide 0.01 mV per V dec regula- 
tion for low-current applications (10 mA) such 
as for veo’s in feedback loops and for pre- 
cision digital-analog converters, Other out- 
put voltages are obtained by changing zener 
and resistor divider values.—F. R. Shirley 
and 1. Vanderlosk, A Stable Voltage Refer- 
ence Uses Only Six Components, Electronic 
Design, Jan. 18, 1968, p 128. 


O-15 TO~40V 


A,=LMIOt OR 
EQuiv. 


Q,4 
2N3904 


Ro 

5k 

VOLTAGE 
ADJUSTMENT 


o-c = 2k 
LEVEL 5w Q 


2NI546A 100 sf 


68 
tw 
—24v 
VARIABLE D~C REFERENCE—Addition of tran- 
sistor Q1 to standard regulator circuit of 


regulated power supply gives variable d-c 
reference for any choice of input and output 
voltages, Q1¥ operates as constant-voltage = 
source over range of —2 to —23 V in cir 
cuit shown, in which output voltage range is. 


15 to 24 V.—A. Steinman, Modified Regulator April 28, 1969, p 78, 


Yields Variable d-c Reference, 


Electronics, 


VOLTAGE REFERENCE CIRCUITS 945 


I= CONSTANT 25 mA 
—_— 


6 V AT 5 MA—Utilizes collector-emitter 
breakdown characteristic of bipolar transis- 
tor and constant-current property of junction 
es fet to give low-cost reference source having 

Q2 RE! . output variation of only 3%.—E. J. Kennedy, 
2N363BA Inexpensive 6-V Reference is Also Tempera- 
ture-Stable, Electronic Design, Nov. 8, 1967, 
p 112 and 114, 


STANDARD-CELL REPLACEMENT — Provides 

constant output of about 4.5 V over tem- ska aon OKA 

perature range of 30 to 60 C, is undamaged 

by intermittent short-circuits, and much more D 

shock-resistant than Weston standard cell. m4 Rg 

DI-D6 are BZY88-C6V2 zeners and D7 is vie De oy RES Vox ao 

BZY88-C4V3, Values of R3 and R5 are de- | oS 4, | 
3 7 


termined by experiment as described in book, 
—"Voltage Regulator (Zener) Diodes,“ 
Philips, Pub, Dept., Elcoma Div., Eindhoven, 
The Netherlands, Application Book, p 26. 


FAIRCHILD 
A702 


ie 
say 


0.0022 ut 
= : 


ADJUSTABLE REFERENCE VOLTAGE—IC op- 
amp and resistor divider translate zener 
diode reference to any desired precise volt- 
age in range from ~5 to +5 V, at low 
cost, Useful when required voltage refer- 
ence is low, as for powering thermistor 
bridge. RI adjusts reference voltage.—J. 
Althouse, IC Amplifier Provides Variable Ref- 
erence Voltage, Electronics, Oct, 17, 1966, p 
88, 


ADJUSTABLE REFERENCE—Uses Philips TAA- 
241 difference amplifier in circuit with 5.3 V 
zener, Can be adjusted to steady valve 
close to —5 V with Rf. Re provides com- 
pensation for bias current drift. Tempera- 
ture drift of circuit is 0.5 mV per degree C, 
J, Cohen and J, Gosterling, Applications 
of a Practical D, C, Difference Amplifier, 
Philips, Pub, Dept., Elcoma Div., Eindhoven, 
The Netherlands, No, 321, 1968. 


TYPE 
2N2!02 


on a 


HS VAC | 
82 V—Used as reference voltage supply for 


100-V series-regulated d-c power supply.— = 


“Silicon Power Circuits Manual,” RCA, Harri- Nev AC 
son, NJ, SP-51, p 216, 
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4.5-V ZENER SUBSTITUTE FOR WESTON CELL 
—Provides reference voltage between 4 and 


6 V with 


10% and 


coefficient 
eliminate 


6x OAZ 203 OAZ 208 lands, Vol 


better constancy than standard cell, 


despite a-c line voltage fluctuations up to 


temperature variations between 30 


and 60 C. Supply voltage is first stabilized 
by shunt-regulated circuits connected in cas- 
cade. Final zener has opposite temperature 


to that of preceding diode, to 
effect of temperature.—S. T. Ho, 


Reference-Voltage Unit Equipped with Zener 
Diodes, Electronic Applications, Philips, Pub, 
Dept., Elcoma Div,, Eindhoven, The Nether- 


, 24, No. 4, 1963-1964, p 153-161. 


Nottage stabilising part 


temperature 
compensation part 


R, 


Ve eee, Bs ee eee ee 
Ry = 5kQ,5.5W Re = 19, linear Rr = 1kQ,5.5W Di to Da = OAZ203 
Re = 3900,5.5 W Rs = 3902 *,5.5W Rs = 68kO,1W D7 = OAZ208 
Rs = see text Rg = 2.2kQ, 5.5 W C1,C2 = 25 uF, 150 V Dg to Dio = BYX10 


4—6 V SECONDARY STANDARD—Bridge recti- standard cells. Requires calibration against 
fier across secondary of power-line trans- standard cell or equivolent-accuracy measur- 


former energizes zeners providing output ing instrument. Value of RS is based on 
voltage between 4 and 6 V, depending on assumed permissible output voltage varia- 
components, having greater constancy than tion of 0.1 mV for 10% line voltage 


variation.—5. T. Ho, Reference-Voltage Unit 
Equipped with Zener Diodes, Electronic Ap- 
plications, Philips, Pub. Dept., Elcoma Div., 
Eindhoven, The Netherlands, Vol, 24, No. 4, 
1963-1964, p 153~161, 


NOTE: To locate additional circuits in the category of this chapter, use the index at the back 
of this book. Check also the author's “Sourcebook of Electronic Circuits,” published by 


McGraw-Hill in 1968. 


CHAPTER 99 


Zero-Voltage Detector Circuits 


‘Oo 
$1 
o1 
1N4004 


Ac 
LINE 


SENSITIVE-GATE SCR  SWITCH—Zero-point 
switch ensures that control scr turns on at 
start of each positive alternation. If turned 
on later in cycle, voltage and current spikes 
produced could cause electromagnetic inter- 


ference, Circuit actually oscillates near 


zero-crossing point and provides series of 
pulses to assure zero-point switching,—“Semi- 
conductor Power Circuits Handbook,” Moto- 
rola, Phoenix, Ariz, 1968, p 6—5. 


1N52358 


+5v 
1/4 
iba SN7400 
Bu 4 R, 
{Ont on 
soo 1, 100pt 
Tpt 
PHASE 
O.0lpf = 24.7k ADU i 
ZERO-CROSSING DETECTOR—Two voltage 


comparators and logic gate feed digital volt- gate, 
meter to form digital-output phase compara- 
tor giving 1% accuracy at 1 MHz. Voltage 


comparators detect zero crossings of each in- of input signals. 


put signal, for amplification by SN7400 TTL 
and setting of 
gates 3 and 4 for driving analog switch at 
duty cycle determined by phase relationship 
D-c complement of result- 


differentiation, 


By) 


t/a 
SN7400 


Qs 
‘@ 2N930 
ANALOG 
OUTPUT TO 


DIGITAL 
VOLTMETER 


—12¥ 
DIGITAL OUTPUT 


ing pulse train is applied to digital voltmeter, 
—R. H. Gruner, Phase Comparator Yields 
Digital Output, Electronics, Sept. 15, 1969, p 
118, 


latch 
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948 


330K $ R, 
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RFI-FREE A-C SWITCH—Triacs close circuit 
only when fine voltage is near zero and 
open it only when current is near zero, to 
minimize rfi. With $1 open, Tl fires at be- 
ginning of each a-c half-cycle and prevents 
T2 from firing. When $1 is closed, TI com- 
mutates off at next zero crossing and R2 
supplies gate current to T2 so it fires at be» 
ginning of each following half-cycle until 
S1 is opened.—W. B, Miles, Switch Your AC 
Loads at Zero Voltage or Current, Electronic 
Design, Sept. 13, 1967, p 128, 130, and 132. 


HUGHES 
D5 


2N336 


ZERO CROSSOVER—Gives output when posi- 
tive-going signal is within 0.4 V of zero 
crossover, over temperature range of —-55 
to 80 C, for input signal peaks of up to 
100 V in both directions and frequencies 
from d-c to 3,000 Hz. To reduce detection 
range to within 0.2 V of zero, diodes should 
be selected to have same forward voltage 
characteristics.~F. E. Olson, Zero Crossover 
Detector Shows High Sensitivity, Electronic 


1C WITH TRIAC CONTROLS 1 KW-—Uses GE 


PA424 
INTEGRATED 


CIRCUIT 


Design, Dec. 7, 1964, p 67-68, 


(20k ON 240vac) 


PA424 IC with only five external compo- 
nents, by taking advantage of zero-voltage 
switching. Triac is fired only at zero-cross- 


ing points between half-cycles of a-c voltage. 
Requires no d-c power supply, and can con- 
trol up to 15 A through resistive load. 
Article gives other power control applica- 


SCS1X4 
TRIAC 


RESISTIVE 
LOAD 


15.4 (rms) 


tions for this 1C. For temperature control, 
Shermistor is used for R1.-—-F. W. Gutzwiller 
and J. H. Galloway, Power Grab By Linear 
{C’s, Electronics, Aug. 21, 1967, p 81-86. 


ZERO-VOLTAGE DETECTOR CIRCUITS 


GE 
LOAD AID 
o —- “~t— Pl ——7- 
up To 8 KW 
oe 
i ON 240 VAG ee 
tl 
OH 
208 
7.5K $ tur 
BW 
260 
GE 
Ons 330 
SCR2 
GE 
33D SE 
SCRI 
ABE P 
RANOOM 
SCRE 10K “OPEN™ 
: Ge SIGHAL 
’ it wey IVOLT 2060p 
= + sare 
ZERO-VOLTAGE 8-KW  SWITCHING—Com- 


bination of scr slaving circuit and synchro- 
nous switching insures that load voltage is 
always applied in essentially complete cycles, 
so voltage is zero at instant of switching and 
r-f interference is minimum. SCR2 fires at 
beginning of next half-cycle after SCR1 fires, 
to deliver even number of half-cycles and 
thereby reduce magnetic saturation effects in 
inductive load.—”SCR Manual,” 4th Edition, 
General Electric, 1967, p 149. 


SCR A-C STATIC SWITCH—Used for zero-point 
switching of resistive load on a-c line. Ap- 
plication of control signal makes scr Q| turn 
on during first positive half-cycle after signal 
is applied. Ql provides gate current for 
turning Q2 on. Q2 charges Cl through D2 
and D3 to peak line voltage. When D2 be-~ 
comes reverse-biased by decaying line volt- 
age, Cl discharges and turns on Q4 for de- 
sired switching action. Will not handle 
large inductive load.—Semiconductor Power 
Circuits Handbook,” Motorola, Phoenix, 
Ariz., 1968, p 4—8. 


10K 


O- 


6.8 K 


PI---D5: IN270 


15 Volts 


-157 


6.8K 


12 


ul 


OV 
ne 20 Vde 
CONTROL 
SIGNAL 
1k 
y o+w at 2N4178 a3 
“ON” © 
2N5062 
‘OFF’ 
OR 6 


FREQUENCY 


Ql 
ite) 2N 1304 


SYNC FOR FIRING SCR~Simple, inexpensive 
circuit requires no supply voltage or center- 
tapped transformer and can be used with 


any waveform. Used when precise syn~ 
chronization with a-c line frequency is re- 
quired, as in ser firing circuits. Output pulse 
is about 200 us wide, with rise time of 20 
us. QI is normally ON; when signal level 
drops below that for conduction, in vicinity 
of zero crossing, QI cuts off and positive- 
going pulse appears at collector and output. 
—R. Billon, Zero-Crossing Detector Needs No 
Supply Voltage, Electronic Design, Jan. 4, 
1968, p 144-145. 


HIGH-SPEED ZERO-CROSSING DETECTOR— 
Uses OE! Model 976 opamp having slewing 
rate of 250 V per us and minimum gain of 
50 dB at ? MHz. Requires negative input 
signal up to 1 V maximum and is inverting, 
with output of approximately 3,3 V when 
input is negative and with output transition 
occurring within nanoseconds of input zero 
crossing.—A High Speed Zero Crossing De~ 
tector Using an Operational Amplifier, Opti- 
cal Electronics, Tucson, Ariz., No. 10041. 


O1 
1N4003 


162 
LOAD 
(RESISTIVE) 


Al 
710k 


949 


MPS3638 
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+ 3Vdc 


200—10,000 HZ ZERO-VOLTAGE DETECTOR— 
Delivers output pulse whenever a-c input 
waveform goes through zero. Applications 
include counters, phase-control circuits, and 
some types of analog-digital converters. 
Provides 1.2 V peak output for 1 V_ rms 
input.—T, Polaneczky and A. Brand, IC NOR 
Gate Detects Zero-Axis Crossing, EEE, April 
1968, p 107. 


o-~ 15 Volts 


PRECISION ZERO-CROSSING DETECTOR—Uses 
OEI Model 9186 opamp with feedback diodes 
that limit output to 0.5 V with either polar- 
ity, depending on polarity of input before 


HPA 2900 


crossing zero, Output lags actual zero cross- 5 
ing by 90 deg because of amplifier phase nee 2 OULPUL 
shift, which means that detector output will 
be zero 95 ns after input is zero for 10- 
MHz signal.—A Precision Zero Crossing De- 10K 
tector, Optical Electronics, Tucson, Ariz., No. 
10114, 
+ 15 Volts 
+12¥ 
2 ZERO-CROSSING DISCRIMINATOR — High- 
2k speed circuit has broad dynamic range, high 
input resistance, and high input sensitivity. 
Collector currents of Q1 and Q2 are equal 
only when input signal is zero, When nega- 
Sik tive input signal is fed to Q1, collector cur- 
3 Fay we SS rent and voltage drop Vd decrease. When 
{| drop goes below tunnel diode voltage, it 
switches from high to low state, correspond- 
ing to low-level discrimination. With tunnel 
10h 8 OF [SIGNAL diode also in Q2 collector circuit, zero cross-~ 
eS ings of sine-wave input can be discriminated. 
3} —M. Sampaleanu, High-Speed Zero Crossing 
~l2V Detector Uses Tunnel Diodes, Electronic De- 
= lamA sign, March 15, 1970, p 214 and 216. 
l saree a 
LOAD 
C4 
“Tl 0 
TRIAC. 
115 y a-c 40530 
60hz 
R3 
560 
Y 


a 


NOISE-FREE TRIAC A-C SWITCH—Permits at zero points, to prevent generation of rfi Gated Semiconductors Clean A-C Switching, 
switching of a-e voltages and currents only that could destroy transistors.—W. B. Miles, Electronics, May 27, 1968, p 105—106. 
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FDIOO (4) 


INPUT Ry 


OUTPUT 


\ 
0.0ljet 


Rs 
lo 


Fp 600 


ZERO-CROSSING DETECTOR—Uses Fairchild IC 
opamp to perform power spectrum analysis 
of analog signal waveform, within specified 
passband, that is extracted from broadband 
signal and noise. Amplifier is driven to 
maximum output of 1.5 V for input voltage 
excursions as small as 500 uV to give uni- 
form clipping of random analog waveform 
with negligible hysteresis and negligible loss 
of average reference level,—L, A. Watts, The 
integrated Operational Amplifier: A Versatile 
and Economical Circuit, “Microelectronic De-~ 
sign,” Hayden Book Co,, N.Y., 1966, p 189-~- 
194, 


AC 
LINE 
04 


MPT-28 


D3 
1N4004 


D2 
1N4004 


ZERO-POINT SWITCH—Scr Qi turns on at 
start of first positive half-cycle following 
closing of $1, to prevent generation of elec- 
tromagnetic interference. Book describes ca- 
pacitor-charging action of  circuit,—‘’Semi- 
conductor Power Circuits Handbook,’ Moto- 
rola, Phoenix, Ariz., 1968, p 6-5, 


6.0V.=. 


Varco 


LOAD 


at 
2N4442 


ML 
T RESISTIVE LOAD 


ttn 


ZERO-VOLTAGE SWITCHING—Regardless of 
time S1 is closed, scr is turned on or off only 
at xero-voltage crossover point of a-c line 
voltage, for minimizing powerline rft.—A, J. 
Marek, Simple Zero Crossing Detector Mini- 
mizes Power-Line RFI, Electronic Design, 
March 1, 1970, p 8), 


1N914 
(4 DIODES) 


+10v OUTPUT 
Ov 


-10v INPUT 

OPAMP WITH ZENER-BRIDGE FEEDBACK— 
Clips and squares edges of a-¢ inputs each 
time zero crossover is detected. Useful in 
phase-sensitive demodulation —_ networks. 
Positive amplitudes of input generate nega~ 
tive output pulse, while negative inputs gen- 
erate positive voltage level.—R. Liv, Zener 
Diode in Op Amp‘s Loop Enables Symmetrical 
Clipping, Elactroni¢es, Feb. 16, 1970, p 105, 
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Absolute value, amplifier using two opamps, 519 
Absolute-value circuit, single 1C opamp, 50! 
Acceleration, measuring for motor with clock-type 
timer, 870 

Accordion, 6-Hz vibrato, 229 
Active filter: 

music-actuated color organ, 22! 

vif gyrator using two yoltage-to-current gyrators, 


Active load, Miller sweep, 704 
Adapter: 
automotive electronic ignition, 75 
IC opamp for automatic digital 1C tester, 843 
strobelight slave, 246 
vtym for multimeter, 394 
Adder: 
(C 3-bit binary, 371 
4# scaling with IC opamp, 5197 
7 threshold-logic with weighted inputs, 376 
Advertising sign: 
§50-W scr a-c chaser for lamp string, 348 
600-W scr-triac a-c chaser for lamp string, 349 
adjustable chaser for lamps, 256 
chaser circuit for lamps, 255 
sequential flasher for lamps, 258 
A-f {see Audio) 
Age (see Automatic gain control) 
Air conditioner: 
cooling-coll temperature control, 829 
IC temperature control, 818 
two-lamp temperature-sensing monitor, 832 
Aircraft; 
10-135 MHz in-flight recelver, 629 
28-V d-c flyback switching regulator, 673 
overvoltage-undervoltage alarm for 28-¥ d-c 
supply, 4 
Preventing jerks on overhead assembly conveyor, 


> 


Alarm; 
28-V d-c ser latch with momentary-opening 
trigger switch, 366 

a-f tone receiver for 12 monitoring points, | 

Lt antenna-touching, 2 

~~ attic temperature, 4 

Pa blinking-neon power failure, 5 

buzzer for blown fuse, 3 

“a gapacitance-sensitive touch, 94 
computer element malfunction by neon logic, 2 

” electric combination lock, 307 
failure of one out of three d-c voltages, 939 
fault-indicating with lamp and buzzer, 5 

af fire using infrared flame detector, 320 

flasher for driving gong, 252 
headlight-reminding, ta 
headlight-reminding actuated by door switch, 67 
headlight-reminding for negative-ground cars, 6? 
headlight-reminding for positive-ground cars, 66 
headlight-reminding when ignition is turned off, 


' 
high-sensitivity photoelectric, 575 
horn-blowing for auto theft, 64, 65 
ICG siren, 5 
intrusion using 200-ft light beam, 584 
intrusion using infrared detector, 314 
“ intrusion using pulsed light, 1, 4 
intrusion with 3-ft range, 92 
gerslight-detecting, 315 
light-operated buzzer, 581 
low line voltage, 5 
multipie-sensor for scr oscillator, 2 
nuclear reactor radiation, 628 
overvoltage in aircraft 28-¥ d-c supply, 4 
panic etter, a0 
phase sequence detector for three-phase system, 
c 200 P 


pilot flame failure, 4 

power-interruption, 4, 5 

proximity detector, 93 

pulse dropout, 3 

resistance or yoltage-triggered using scs, 2 

scr-driven speaker, 5 

signal dropout, 5 

signal-powered d-c voltage sensor, 746 

iren with rising and falling wail, 302 
. si¢en with secret turnoff switch, 306 
_emoke detector using pulsed light, 527, 548 
Pn voindecicticted: 3,33. 54 

» trigger generator for overvoltage circuit 
wo Trecker. 599 
” ujt wailing-siren, 301 


a 


undervoltage in aircraft 28-V d-c supply, 4 
voice-controlled, 49 
wailing police siren, 304 
(See a/so Burglar alarm; Intrusion alarm; Protec- 
tion; Sound-controlled relay; Voice-confroiled 
relay) 
Alternator: 
battery-charging regulator, 65 
battery-charging regulator for outboard 
engines, 457 
voltage regulator, 68, 659 
voltage regulator for automotive battery 
charging, 658 
eAmeteur radio, manually switched phone patch, 
7 


Amplifier: 

1~30,000 Hz micropower, 10 

B-Hz mostet with twin-T network in feedback 
loop, 233 

10 Hz—l0 kHz high-impedance small-signal, 19 

10-50,000 Hz with constant output for [9-dB 
input swing, 61 

10 Hz~3 MHz IC with feedback, 12 

20 Hz—150 kHz with 86 dB power gain, 8 

22 Hz-1 MHz IC with 62 dB gain, ? 

40 Hz—25 kHz direct-coupled, & 

100 aml kHz remote-controlied variable 
gain, 

400-Hz &-W transformerless servo, 709 

520-Hz twin-T resonant, 21 

0-100 kHz wideband class A IC, 17 

40-kHz 50-W ultrasonic, 710 

{-MHz source-follower fet, 14 

i-~40 MHz r-f fet, [2 

2—32 MHz I-kW 60-transistor, || 

My video with 250 gain using 1C opamp, 

4 

8-MHz 3-W two-transistor, 15 

9-MHz with current gain of 10, [6 

7 \0-MHz RLC bandpass using IC opamp, 500 
10-MHz narrow-band IC, |? 

J. \2-MHz gain-controlled a-m i-f !C, 309 

s13-MHz for detecting low-level signals 

14-MHz differential-input for detecting 

vA signals, 201 

14-MHz with voltage gain of 20, 22 

15-MHz tuned IC, 14 

17-MHz unity-gain inverting buffer, 915 

20-MHz IC differential, 18 

30-MHz 3-W two-transistor, 17 

30-MHz fast-rise IC with gain of 3.3, 9/5 

40-MHz fast-settling fet buffer, 20 

4 45-MHz {C for detector of bridge, 308 

‘a 54-216 MHz CATY, 810, 816 

@ 94-108 MHz inductorless R-C tuned, 281 
{00-MHz photomultiplier for ty flying-spot slide 

scanner, 793 
100-MHz tuned r-f using IC transistor array, 22 
ats output stage for portable transmit- 
er, 

150-MHz cro horizontal deflection, 95 

#7, \60-MHz 15-W for f-m or c-w transmitter, 89! 

of 175-MHz (3.5-W single-transistor, 884 

7 


202 
low-level 


a 


175-MHz 25-W for mobile communication band, 


200~400 MHz microstripline, 879 
@ 225-400 MHz |7-W, 87! 
(7 238-210 MHz R-C tuned r-f for fm tuner, 284 
- 375-MHz 5-W stripline, 885 
400-MHz 3-transistor with 31 dB gain, 6 
400-MHz 15-W, 68? 
# 400-MHz !5-W microstripline, 877 
7 500-MHz adjustable-bandwidth, 715 
7 \-GHz |-W, 879 
44-dB-gain wideband !C for a-c control systems, 
7 


£ '0-W regenerative for flip-flop, 265 


|,200-meg input impedance as scope probe, |02 
1,000,000-meg input impedance as scope probe, 
100 


/# antilog of voltage from 0 to 5 V, 513 
bootstrapped fet source follower, 21 
bootstrap with positive and negative feedback, 


bridge balance detector, 89 
cable-driving for pulses, 16 
wz cascaded R-C coupled feedback IC video, 715 
cascaded three-stage IC, |7 
chopper-type using zener in half-wave demodu- 
lator, 110 
# color difference using three transjstors, 814 
common-source fet, 22 : 
comparison in voltage monitor for multiple- 
output power supplies, 936 
complementary push-pull emitter-follower, 8 
complementary-transistor, 19 
 constant-current source, 20 
Darlington for pulses into capacitive load, 8 
d-c Darlington using zener bootstrap, 909 
differe: for memory sense amplifier, 26! 
differential |C in d-c voltage comparator, [27 
; differential IC inverting a-c or d-c with gain of 


differential IC inverting a-c with gain of 10, 14 

differential IC inverting with adjustable input 
bias, 15 

differential IC inverting with adjustable output 


bias, |5 JS 3M a haere 

differential }C wideband with high input 
impedance, [3 

differential IC with 90-dB common mode rejec- 
tion, 186 

differential iC with high input impedance, I7 

differential-input iC with bias current drift 
compensation, 18] 

differential-input instrumentation for d-c servo, 
712 

¥. differential microammeter with degenerative 

biasing, 403 

differential pair high-efficiency dual-ovtput, 187 


Amplifier (Cont,): 
cifferantial-pait output with gain down to d-c, 


digitat or analog line driver, 18 

direct-coupled phase-splitting, 547 

double-differentiated in power supply feedback 

loop. 663 

dual-foliower with extra complementary tran- 
sistors, ? 

Pa electrometer for measuring [00 femtoamperes, 
3! 


a 


f 


emitter-follower without offset, 21 

emitter-follower with temperature stabilization, 
3 

emitter-gated for reading thin-film memory, 7, 
I 


exponential function generator, 501 

facsimile with response speed increased by 
Raysistor, 524 

fet source follower, 20 

fet with transistor, 18 

four-transistor bridge for controlling 100-W d-c 
motor, 625 

gain control for 30 V p-p video, 915 

high-gain audio or r-f IC, 12 

high-gain IC for low-speed tachometer, 762 

high-input-impedance mostet, 13 

hybrid paraphase for electrostatic crt deflec- 
tion, 100 

IC computer sense with optimum design for 
production, 328 

IC opamp with switching for 19 gain values, 496 

IC output logic, 380, 380 

infinite-impedance, 14, 21 

linear fet with self-bias, 12 

Unear high-voltage Darlington, |0 

logarithmic IC for multiplying and dividing 
signals, 500 

2° low-cost using r-f breakdown phenomenon of 

transistor, 639 

low-power class B using IC transistor array, 18 
measuring Joop gain with wave analyzer, 394 

f multiple-input summing with 1C opamp, 512 

negative-feedback with high input impedance, 


noninverting IC with bias current drift compen- 
sation, 184 
nonlinear gain from diode feedback network, 13 


/ output transistor protection, 604 
pentode buffer for phased-radar binary fre- 
quency generator, 540 i 
power-fet broadband for receiver front end, 16 
power-fet for CATY distribution, 777 
protecting power transistors by inductive feed- 
back, 610 
7 reference for precision I2-¥ regulated supply, 


summing with bias current drift compensation, 
1 


transistor with self-generated bias, |2 , 
Af ty booster, 800 
twin-T resonant a-f for remote control, 683 
«# two-transistor for opamp, 498 
unity-gain as active filter, 237 
unity-gain balanced temperature-compensated, 7 
unity-gain buffer for radar video, 913 
unity-gain fet with 500-meg input impedance, 7 
unity-gain IC opamp with bootstrapped bias, 497 
unity-gain two-conductor probe, 22 
unity gain with | meg input impedance, 21 _ 
voltage-controlled linear using analog muiti- 
plier, 62 . ; - 
(See also Audio amplifier; Differential amplifier; 
Intermediate-frequency amplifier; inverting 
amplifier; Logarithmic amplifier; Opera- 
tional amplifier; Preamplifier; Video, spe- 
cialized circuits using amplifier stages) 
4 Ammeter, measuring load current without inter- 
tupting circuit, 400 a 
Amplitude compressor, 30-dB audio amplifier, 55 
Amplitude control, single-dial for multiple pulse 
sources, 614 
Amplitude modulation: 
A 5-kHz oscillator, 541 
a a-m to f-m converter, 157 _ 
percentage indicator on I-inch crt, 403 
Amputee: . : 
electromyograph amplifier drive for keying 
relay, 408 s ‘ 
electromyograph amplifier for tuning-knob 
servo, 408 
Analog: ; 
0,01—10 Hz differentiator using opamp, 507 
&-ms delay for 25 to |50 Hz, 197 , 
antilogarithmic amplifier using silicon diode 
and opamp, 515 . 
current-summing IC JK flip-flops, 145 
differential-input muitiplier with offset nulling, 


#aigital-output phase comparator, 947 , 
divide and square root with discrete level shift, 
$2 sae 
{ ivide and square root with !C multiplier and 
opamps, 521 
fivider generating rectangular pulse train, 500 


957 


Analog (Cont.): 
a electronic potentiometer using IC mvbrs and 
opamp, 507 
four-quadrant multiplier, 502, 505 
four-quadrant multiplier and bipolar squaring 
amplifier, 499 
four-quadrant multiplier for d-e to 10 MHz, 509 
function generator with time as exponent in 
output, 703 : 
ee high-speed video switch, 916 
IC chopper in digital-analog converter, ]10 
IC line driver, 18 
IC multiplier, 498 
#7 C multipiier with discrete level shift, 509 
(© multiplier with opamp level shift, 516 
logarithmic amplifier using IC opamp, 495 
logarithmic amplifier using silicon diode and 
opamp, 520 
logarithmic converter, 508 
low-cost squarer using unmatched fet's, 504 
pulse-regenerating mvbr for tape playback, 383 
root-mean-square with squaring madules and 
opamps, 518 
vw sample-and-hold, 691, 69{ 
squarer for d-c input voltage, 5H! 
ew square-raoting with differential-input multiplier, 


4” squaring module with opamp, 515 
me 7 wotracting ampliffer using I¢ difference ampli- 
fier, 517 
@ summing amplifier, 512 
switched integrator, 690 
switched integrator with reset and compute 
modes, 691 
tunnel-diode flip-flop for digital output logic 
levels, 263 
two-quadrant divider, 498, 505 
two-quadrant multiplier, 504 
two-quadrant multiplier for d«c to 10 MHz, 513 
unity-gain feed-forward IC opamp, 520 
voltage level sensor, 933 
(See also Digital-analog converter; all other 
Analog entries} 
Analog comparator: 
digital line receiver, 513 
pulse width modulator, 729 
Analog computer: 
 400-Hz low-cost Inverter, 513 
choppar-stabilized opamp integrator, 107 
IC opamps and fet's as divider, 512 
IC opamps and fet's as multiplier, 511 
summing amplifier, 512 
Analog-digital converter: 
absalute-value amplifier, 519 
line noise eliminator, 494 
stepping motor drive, 926 
Paramatrix for graphics, 89, 124 
Analog gate: ‘ 
{.5-us switching time using fet, 289 
50-ns switching time, 293 
500-ns switching-time dual-fet, 289 
bidirectional with fet suppression of spikes, 288 
dual-fet switch, 37] 
Analog integrator: 
opamp with hold mode, 519 
reset-compute-hold switch with opamp, 522 
Analog ladder switch: 
—10¥ reference, 207 
4.V positive or negative reference, 206 
10-V reference, 207 
positive or negative logic, 206 os 
Analog memory, buffer with 50-ns settling time, 20 
Analog multiplier: 
66-dB range at | kiz, 510 
accuracy tester, 496, 497 
voltage-controlled gain, 62 
Analog noise source, 01 kHz flat power spectrum, 
490 


Analog squaring, with opamp, 512 
Analog switch: 
dual-tet, 371 
make-before-break fet, 744 
multiplexing with opamp, 205 


a Analyzer, Seco Model 260 transistor, 839 


Angular position indicator, photoelectric, 578 
Annunciator, neon speaker-on Indicator, 56 
Antenna: | 
oa automatic reversing of scan direction, 452 \ 
matching network for octagonal vertical loop, 
880 


pushing out on earth satellite with pulse- 
controlled solenoid, 129 
tr switch for [65-MHz mobile transceiver, 872 
Antilogarithm, voltage for 0 to 5 V, 513 
Antilogarithmic amplifier, silicon diode with 
opamp, 515 
Aperture control, photoelectric servo, 590 
Appliance: 
o7'5-mA leakage-current detector, 609 
neon heater-operation indicator, 211 
neon stove pilot flame monitor, 4 
Arcing, suppression with triac across relay 
contact, 678 


ar Arc lamp, 20-kY scr multivibrator supply, 297 


Are suppression, transistor and capacitor across 
contacts, 677 
Armature voltage control, 5-hp d-c shunt motor, 
ASCII code, generating with pen on electronic 
keyboard, 772 
Astronaut, skin-stimulating vibrator for communi- 
cation, 411 
Attenuator: 
automatic fast-acting audio, 50 
electronically variable wideband CATV, 59 
single-dial for multiple pulse sources, 614 
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signal 
& siren with rising and falling wail, 302 


Attenuator {Cont.): 
yoltage-controtled in fet-tuned R-C oscillator, 545 
Audio: 
7.5—-20,000 Hz test oscillator, 728 
20-20,000 Hz square-wave generator, 733 
Br N00 Hz reed-stabilized feedback oscillator, 
5: 


67-3, 150 Hz resonant-reed selective-tone signal- 
ing, 682 

1,000-Hz precision tone generator, 544 

7,000-Iz photo-fet chopped-light detector, 581 

10,000-Hz iC doubler, 5! 


4-W IC stereo cartridge tape system, 382 
(or, a chirp oscillator, $32 
‘7 0~500 V meterless d-c aural voltmeter, 397 


active noise and rumble filter, 23] 

alarm tone receiver, | 

amplifier and speaker protection circuit, 601 

a-m wireless mike, 886, 887 

audible voltmeter, 849 

aye for ssb reception, 724 

code practice IC oscillator, II? 

code practice set, 118 

color organ for hi-fi sound, 221 

combination low-pass high-pass filter, 239 

digital 1C filter for marker Recean: Wg 
lode-stabilized opamp oscillator, 536 

direct-reading frequency meter, 275 

distortion measurement with Wien-bridge oscil- 

lator, 88 


vf distortion meter, 396 


drip-drip sound generator, 307 

drive for improved age in ssb c-w receiver, 62 

envelope detector using IC i-f amplifier, 637 

fet go-no-go tester with audible tone, 847 

f-m wireless transmitter for crystal mike, 886 

frequency shift keyer for radioteletype, 120 

infrared heat detector with tone alarm for 
smoke-filled room, 315 

key click suppression, 118 

lease-breaking noisemaker, 301 


@ light-operated buzzer, 58! 


logarithmic converter to d-c, 508 

measurement of thermal feedback in IC 3—400 
Hz preamp, 324 

mixer-compressor line amplifier, 389 

Morse code practice oscillator, 120 

NAB magnetic tape equalization network for IC 
opamp, 384 

on-off control of lamp with ser and triac, 348 

output transistor protection, 604 

percussion instrument generator, 223 


Fa photoelectric remote volume control, 580 
o regulated power supply for testing 50-W ampli- 


fier, 
remote control of audio compressor gain, 682 
resonant-reed tones turn triae and load on and 
off, 347 
scr-driven alarm speaker, 5 
enerator covering [520,000 Hz, 535 


siren with secret turnoff switch, 306 
solid-state telephone tone ringer, 770 
" sound-actuated alarm switch, 3 
square-wave IC converter for a-f signal genera~ 
tor, 149 
suppressed-carrier product detector, 636 


w Theremin wailing-music generator, 222 


tone analyzer for phase-modulated carrier, 235 

tone-selective receiver, 687 

‘ransmission circult for telephone handset, 774 

Twintron a-f oscillator for tone communication, 
534 


two-frequency resonant-reed decoder, 676 
yoice-operated relay, 306 

voltage-tunable bandpass active filter, 231 
voltage-tunable low-pass active filter, 236 


wailing police siren, 304 
wl 


histle for mode! train, 533 

wireless carbon mike, 889 

wireless phono oscillator. 561 

(See also Amplifier; Audio amplifier; Audio pre- 
amplifier; Preamplifier; Receiver; Recorder; 
Servo; Stereo; Tape recorder; Television; 
Transceiver; Transmitter; Ultrasonics) 

Audio amplifier: 

5-25,000 Hz 70-W hi-fi, 37 

10-Hz bandwidth at 400 Hz, 38 

10-30,000 Hz battery-operated fet, 33 " 

10-190,000 Hz 35-W with load fault protection, 
5 ‘ 


15~6,000 Hz movie optical sound track, 35 

15-100,000 Hz 50-W hi-fi quasi-complementary, 47 

20-Hz 70-W quasi-complementary power, 28 

20+10,000 Hz sound-on-film, 41 

20-20,000 Hz 10-W for 8-ohm speaker, 42 

20~-20,000 Hz 20-W true-complementary- 
symmetry, 47 on 

20~20,000 Hz 50-W low-cost power amplifier, 34 

20--20,000 Hz 80-W all-transistor, 30 

20~20,000 Hz 100-W stereo, 39 

20-35,000 Hz hi-fi, 29 

20~300,000 Hz [C, 45 

25r20, 000) 12.5-W quast-complementary push- 
pull, 

30—10,000 Hz high-gain fet-input, 28 

30-10,000 Hz 4.5-W 12-V IC with no a-c feed- 
back, 43 

30~10,000 Hz 25-W public address, 38 

30~20,000 Hz 4.5-W 12-¥ IC with shunt a-c feed- 
back, 45 

40—12,000 Hz phono using Darlington IC, 43 

40--20,000 Hz at 5 W for Ié-ohm speaker, 36 

40~20,000 Hz 10-W with transistor-protecting 

Zobel network, 31 
40--25,000 Hz direct-coupled, 6 
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Audio amplifier (Cont.): 

55—-15,000 Hz 1-W IC output, 43 

60-Hz narrow-bandpass Et 23 

100—3,200 Hz IC telephone-channei amplifier, 772 


100-20,000 Hz 1-W transformerless four-transistor, 
120-23,000 Hz 1-W IC, 26 


(/''50—30,000 Hz 1C hearing aid, 42 
jr 200—8,000 Hz RC hearing atd, 44 
y 200-9,000 Hz [C hearing aid, 25 


|,000-20,000 Hz using series d-c voltage regula- 


tor, 43 
20,000-Hz sound-on-film, 24 
I-mW three-transistor hearing aid, 37 
30-mW using [C driver, 32 
{50-mW intercom, 48 
300-mW using IC driver, 33 
310-mW transformerless IC, 39 
500-mW three-transistor, 26 
545-mW |C for f-m portable, 46 
|-W [2-¥ Ic with output transformer, 40 
4 


ceramic-cartridge phono, 557, 540 
for 8-ohm load, 24 

C output stage, 27 

line-operated, 556 
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\ C phono, 561 
1 26 
IC for 16-ohm load, 25 
IC phono, 543 
-W IC with 2-meg input Impedance, 25 
-W general-purpose, 35 
-W record-player for crystal pickup, 558 
record-player with bass and treble 
controls, 49 
transformerless four-transistor, 23 
class-A, 37 
-W for 3.2-ohm load, 31 
high-gain, 36 
IC transistor, 30 
using IC driver, 47 
wideband, 40 
-W IC phono, 559 
using mosfet input, 28 
with Darlington output, 33 
12-¥ IC, 31 
2-¥ IC with series-shunt a-c feedback, 
37 
class 8 for car radio, 634 
class-B, 46 
class 8 single-ended |C-transistor, 34 
complementary-symmetry, 28 
hi-fi silicon-transistor, 24 
quasi-complementary, 39, 41 
-W transformerless, 40 
25-W hi-fi stereo, 32 
25-W quasi-complementary, 46 
45-W single-ended push-pull class B output 


= 


| 
Cc 
-W IC 
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500-W class A car-radio, 630 

10 V output and 20 dB voltage gain, 33 
adjustable-gain microphone, 36 

booster for preamp, 4 

buffer unity-gain, 23 

class-B complementary-symmetry power, 39 
compensating diode in output, 

decoupler for 1 stereo channels, 25 
direct-coupled output for a-m portable, 35 
high-gain IC, 12 

(C equalized, 24 

(C for car radio, 321 


# 'C hearing aid, 38, 42 


line using 1C opamp with 40 dB gain, 773 
medium-power, 27 

microphone preamp using IC opamp, 27 
modulation booster for amateur transmitter, 34 
portable color tv, 30 


Tal RC hearing aid, 41 


remote intercom gain control, 44 
seismic with automatic gain control, 37 
single-transistor with self-generated bias, [2 
stabilizing and protecting output transistors with 
barreters, 46 
« switchless Intercom with privacy, 27 
telephone, 770 


7 
Aprelephone-channe| IC, 772 


two-station intercom, 29 
wideband IC low-distortion, 26 
Audio control: 
(0-kHz |C cosine-wave doubler, 51 
20-dB compressor using IC opamp and fet, 53 
30-dB amplitude compressor, 55 
active bass-treble, 53 


# balance meter for stereo, 56 


bass using IC opamp, 54 

detector with squelch, 56 

fast-acting attenuator, 50 

fet gate speeds squelch, 54 

four-input fet mixer, 51 

four-input 1C mixer, 52 

mixer amplifier with two inputs, 50 

mosfet signal-powered volume compressor, 56 

neon indicator for annunciator, 56 

noise squelch gate, 55 

powerless volume compressor, 54 

remote neon switch, 55 

RIAA phono equalization network for IC opamp, 
56 


separate bass and treble for 3-W amplifier, 49 

signal-actuated relay for turning on tape re- 
corder, 56 

sound-operated switch, 53 

sound-detection alarm, 54 

squelch gate for single-ended ampliffer, 55 

stereo channel balancer, 5 


Audio contral (Cont.): 
pi stereo sound-source width, 52 
tone for crystal or ceramic cartridge, 51 
tone using IC, 50 
treble using !C opamp, 53 
tripler for 400-Hz standard frequency source, 53 
unity-gain mixer for up to 20 channels, 52 
voice-actuated relay, 49 
wideband limiter using IC opamp, 52 
Audio oscillator: 
33-Hz constant-amplitude, 531 
1,009, Hz photocell-controiled Jamp monitor, 
3 


conversion to frequency modulator for dolphin 
communication, 282 
twin-T electronic music, 227 
twin-T gliding-tone music, 226 
-T key-shift music effect, 226 
twin-T music “sustain'’, 229 
two-tone for ssb transmitter testing, 724 
Audio preamplifier: 
20-20,000 Hz, 388 
adding transistor to boost gain, 560 
booster, 43 3 
decoupler for IC units, 25 
fet feramle or crystal microphone or phono, 


germanium-transistor, 560 

hiv fet, 555 

IC dual opamp, 329 

IC dual opamp in H. H. Scott stereo, 562 

1C aqualized, 24 

IC magnetic phono, 542 

tC tape with NAB equalization, 38! 

low-noise fet, 558 

magnetic stereo cartridge, 559 

microphone of tape using 1G opamp, 27 

modulation booster for transmitter, 34 

phono-tape stereo with RIAA and NARTB 
equalization, 384 

stereo balance control, 560 

tape record-playback |C, 387 

twin-triode phono, 5 

Automatic fine tuning: 

color tv using IC, 813 

Magnavox color tv, 803, 813, 816 

Motorola 1968 color sets, 815 

RCA CTC.-28 color chassis, 809, 817 

Zenith color ty, 805 

Automatic gain control: 

10-500 Hz oscillator, 57 

10—50,000 Hz amplitler for plasma density 
measurement, 6 

12 H2z—100 kHz sonar, 91! 

100-MHz tuned r-f amplifier, 22 

40-dB range in 45-MHz i-f amplifier, 309 

60-dB dynamic range with mosfet and three 
opamps, 57 . 

60-d8 range for seismic amplifier, 37 

60-dB range with |C opamps, 58 

analog multiplier, 62 " 

boxcar sample-and-hold integrator for r-f 
bursts, 6! " 

constant-output limiter, 60 

electronically variable CATV attenuator, 59 

fet chopper for opamp, 59 

high-accuracy amplifier-multiplier, 59 

{C multiplier with 1C video amp, 61 

Ic epamp with fet's for servo error command, 


improved circuit for ssb c-w receiver, 62 
mos transistor as variable resistor, 58 
optimized fet, 60 “ 
optoelectronic for tube circuit, 525 
optoelectronic tor receiver, 62 
recording-head current in tape recorder, 390 
self-oscillating mixer IC for car radio, 323 
two-transistor in Sony portable ty, 58 
ujt for oscfllator output voltage, 58 
varlable-bandpass filter for sonar i-f, 907 
Wien-bridge oscillator, 85 

Automatic volume control: 
fet for ssb reception, 724 
optoelectronic for ssb receiver, 723 
transistor amplifier, 7 

Automotive: 


7 “to trickle, 78 
#V\0-W 400-Hz 115-¥ regutated inverter, 338 
¥ 22.W inverter, 341 
180-W &0-Hz 120-V a-c inverter, 336 
6-V storage battery charger, 83 
6.5—290 ¥ d-c converter, [41, [42 
AIZN dec to 115 ¥ at 400 Hz, 140 
12-V¥ on-off battery charger, 79 
alternator voltage regulator, 658, 659 
wm high-precision tachometer, 756 
*™ IC siren as tamper alarm, 5 
wi tachometer, 761 
eenegative-ground 12-V tachometer, 761 
positive-ground |2-V tachometer, 757 
“om speed control for series d-c motor in golf 
FA cart, 453 


cantrol, 682 
’ 
wreed-switch combination lock for ignition, 307 


Setachometer and dwell angle meter, 758 
grtachometer-type speed control for tape player, 
é 


\turnpike breakdown warning flasher, 25{ 
{See also Battery charger} 

\utomotive control: . 
24-V battery discharge sensor for electric car, 


alternator voltage regulator, 68 


110-4 battery charger with automatic changeover 


radio-controlled triac for reversing garage-door 


radio control receiver for garage-door opener, 
685 


Automotive contro! (Cont.}: 
¢ ballast-resistor drive for tachometer, 762 
fuel-pump oscillator, 67, 68, 68 
headlight-off alarm, 64 
headlight-off time delay, 49 
headlight-on reminder actuated by door switch, 


headlight turnoff delay by ignition switch, 63 
horn-blowing burglar alarm, 64, 5 
IC tachometer with warning lamp, 760 
ignition-off headiight alarm, 48, 49 
lamp failure indicator, 64 
lights-on chime for negative-ground cars, 69 
lights-on chime for positive-ground cars, 66 
measuring dwell angle with ohmmeter, 67 
& odometer without speedometer cable, 66 
oil-change indicator, 68 
photoelectric parking-light circuit, 66 
scr battery-charging requlator for alternator, 65 
scr windshield wiper control, 66 
sensor for low battery voltage on electric car, 


A sequential lamp flasher for traffic hazards, 258 

sequential tail-light flasher, 69 

sequential turn signal, 65 

single-lamp d-c ser flasher, 253 

slow-kick windshield wiper using four-jayer 
diode, 67 

Pr speedometer using monostable mvbr, 67 
windshield wiper speed, 63 
Automotive ignition: 

breakerless trigger, 74 

capacitor-turn-off, 71 

contactless electronic using magnetic pulse 
trigger, 71 

contactless trigger, 77 

dual-transistor Sep TS-14, 72 

electronic adapter, 75 

electronic using standard coil, 72 

fet trigger for race-car, 77 

high-Q inductive electronic, 70 

(C trigger for scr capacitor-discharge, 76 

low-drain capacitor-discharge electronic, 73 

Motorola breakerless, 73 

negative-ground capacitor-discharge ser, 78 

Positive-ground capacitor-discharge scr, 75 

protecting transistor against surges with 75-V 
zener, 75 

protecting transistor against surges with 100-¥ 
zener, 74 

Quick-changeover single-transistor, 76 

scr capacitor-discharge, 71, 77, 77 

set capacitor-discharge driven by inverter, 73 

single-transistor, 77 

speeding turn-off with reverse blas, 74 

triggered biocking oscillator, 70 

two-ser capacitor-discharge, 72 

two-tronsistor, 76 

two-transistor inverter for scr capacitor-dis- 
charge, 74 

Auto radio: 

audio amplifier 1C, 321 

}-f amplifier IC chip with detector for car 
radio, 324 

self-oscillating mixer IC with agc for car radio, 


Autotransformer: 
20 V d-c to 35 V dec, 138 
120-V a-c regulator, 642 
Avalanche mode, single-transistor frequency 
divider, 272 
Ave (see Automatic volume central} 


Babysitter, sound-actuated alarm, 53 

Bachelor light, seductive time-dependent 600-W 
room-lamp dimmer, 35: 

Background music, SCA adapter for f-m receiver, 


4 


Balance control, stereo amplifier, 51 
Balanced amplifier, temperature-compensated 
unity-gain, 2 
a Balloon, weather-forecasting telemetry system, 767 
Bang-bang control, pulse frequency-width modu- 
Lf, lator for pneumatic valve, 428 . 
Bons proximity switch for vavit and safe alarm, 
% 


ee matrix Benerator: ar 
numerical crt display, 
Z amplifier, 211 
Barreter, transistor 
audio output, 4 . 
Bass drum, simulation with twin-T ringing oscil- 
lator, 227 
¢ Bath, thermistor-scr temperature control, 824 
Battery, protecting against complete discharge, 
1, 1D 
Battery charger: 
4-A using current-limiting lamps, 80 
6-A tor 12 ¥ with ser regulator and trickle 
charge, 79 2 
10-A with automatic changeover to trickle, 78 
15-A with automatic changeover to trickle 
charge, 82 + ? 
» [-kW static switch combined with rectifier, 745 
7 &V motorcycle and photoflash, 83 
&-V with 150-mA trickle, 80 
12-¥ of 5 A, 82 _ 
12-V at 16 A with protection, 79. : 
12-¥ doubling as power supply if battery fails, 
80 


[2-¥ on-off, 79 
12-¥ scr, 8] 
12-¥ with 150-mA trickle, 78 
12-¥ with automatic turn-on and turn-off, 81 
alternator voltage reguiator, 658 
ra emergency light, 348 


Protsction and stabilization in 


-* 
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/. 


Battery charger (Cont.): 
nickel-cadmium ceils with current and volfage 
protection, 80 
overcharge protection for fast-charged nickel- 
cadmium cells, 78 
ser control for automotive alternator-rectifier, 


transformeriess reguiated, 650 
ujt eeciator as scr trigger with zener reference, 


undervoltage-overvoltage switch, 82 
voltage sensor for electric cars, 79 
Battery discharge, sensor circuit for electric car, 


64 

Battery protection, 28-V d-c aircraft, 4 

Battery vehicle, Jones scr choppet speed control, 
43 


Beacon, digital IC filter for coded audio, 119 

Beam deflection tube, balanced modulator with 
54-dB carrier suppression, 424 

Beam-switching tube, automatic restarting circuit, 
6 


Beam-x counter, automatic restarting circuit, 167 
Bias compensation, push-pull class-8 transistor 
-e audio output, 48 
“ bias oscillator, magnetic tape, 382 
Bias supply, using diode in place of battery, 150 
Bicycle, 6-V flasher, 251 
Binary: 
converting to a-c with ladder network, 7/1 
odd-numbered pulse separator, 755 
A Binary adder, IC 3-bit, 37! 
x Binary coded decimal, decoder and driver for 
decimal Nixie display, 216 
/ Binary counter, incandescent readout, 169 
Binary divider chain, using sus, 173 
Binary encoder, output voltage comparator, 127 
Binary frequency genersitor: 
cathode-coupiled crystal oscillator for phased 
radar, 540 
pentode mixer for phased radar, 148 
Binary level, standardizing with simple clamp, 


7 
w7Binary level detector, nine-input opamp, 939 
inary-decimat converter: 
¢ diode with transistor drivers for lamps, 149 
solid-state with neons and photocells, 145 
transistor matrix, 147 
Bin level controij, photascr, 137 
i“ Blogiectric probe: d-c amplifier with 20,000 meg 
input, 
Biomedical; 3-ms pulse generator at | to 15 pps, 


Biopotential, f-m telemetry for 0.5—/20 Hz retina- 
brain nerve, 765 
|, Biquinary code, weighted 1-2-2-4 for RTL digital 
instrumentation, 378 
rd Biquinary counter: 
-kHz with automatic reset, 17! 
drive circuit, 215 
AIC with lamp readout, 167 
Bistable circuit: 
basic ujt, 261 
hybrid funnel diode-transistor, 265 
Bistable lamp driver, pulse-triggered, 209 
Bistable multivibrator: 
complementary germanium flip-flop, 265 
complementary silicon flip-flop, 26: 
Bistable trip alarm, nuclear radiation, 428 
Blanket, proportional contro} with scr switching, 


Bleeder, transistor for choke-input filter, 65! 
Blender, universal motor control with self-timer 
for shutoff, 434 
Blind, light probe for lab students, 4/1) 
p Blinker (see Flasher) 
Blocking oscillator: 
400-Hz fork-controlled, 276 
cardiac pacemaker, 407 
Sony two-transistor horizontal sweep, 790 
Sony four-transistor vertical sweep, 782 
Sony two-transistor vertical sweep, 775 
Blacks, electronic musical, 223 
Blower control: 
3-A for room hearing and cooling, 820 
#1 iC-triec far psc motor, 831 
Body capacitance, neon touch-point relay con- 
trol, 91 
Bongo: 
electronic, 223 
simulation with twin-T ringing oscillator, 227 
Booster, ty, 800 
Bootstrap amplifier, positive and negative feed~ 
back, (3 
Bootstrapping: 
differential fet preamp for cro, 104 
diode to }C output for bias current drift 
compensation, 514 
staircase generator, 754 
Bounce signal, eliminating with scr across switch, 


P 


& 


Boxcar circuit: 
age for r-f bursts, 41 
fet sample-and-hold, 694 
Braking, automatic for slowed-down 3-phase 
motor, 446 
aa Breaker, fast-acting solid-state for power supply, 
__597, 598 


Bridge: 
10 Hz-!00 kHz low-distortion Wien oscillator, 88 
(5 Hz-2 MHz Wien oscillator, 87 
0-100 kHz fet-stabilized Wien, 542 
4-kHz Wien oscillator, 534 
{-MHz linear voltage-controfled oscillator, 927 
3.2-MHz capacitance in liquid level detector, 


90 
45-MHz IC amplitier, 308 


959 


Bridge (Cont.): tA r 
1-¥ regulated a-c output with inexpensive lamps, 


10-V bipolar voltage from single transformer 
winding, 86 

—4 k¥ voltage reference in d-c restorer for 
crt, 94] 

a-f induction in three-coil metal defector, 419 

amplifier for controlling {00-W d-c motor, 625 

qutomatic meter-reversing, 405, 405 

balance detector, 89 

polanced mixer in valtage-controlled oscillator, 
923 


balanced modulator, 430 

Cockratt-Walten for 12-k¥ portable d-c supply, 
316 

diamond gote for converting graphics to digital, 


diode exclusive-or logic, 86 

diode in 40-MHz low-noise gate, 87 

diode in a-c relay control, 680 

diode-quad as series gate, 8% . 

dual-output power supply using capacitor-diode 
multipliers, 645 ae 

fet distortionless full-wave rectifier, 84 

frequency quadrupler, 86 

inductance in metal detector, 422 

opamp for monitoring millivolt changes in d-c 
level, 89 

photoelectric comparator, 25 

photomultiplier warmup control, 86 

power-supply zener with magnetic-resonance 
current-limiting, 653 

rectifier in feedback path of IC opamp for 
measuring average voltages, 40] 

resistor for interconnecting and biasing opamp 
pair, 88 

scr/diode with mercury thermostat for 100-W 
heater control, 836 . 

scr In 2 Hz—5 s photographic timer, 858 

shunt-diode gate 88 nis 

solid-state ) ay for temperature control within 

826 

static relay as 0.l-ohm resistance-change de- 
tector, 674 ‘ 

surge-clipping for a-c line filter, 608 

temperature-comparing, 899 

temperature-sensing with opamp control, 826 

thermistor for remote measurement of tempera- 
ture, 88 

thermistor in nickel-cadmium cell charger, 78 

thermistor modulator for 8-kW synchronous a-c 
switch, 824 

thermistor-resistor for dual-output temperature 

ae monitor, 828 

A thermistor-ser temperature control, 824 
three-phase scr phase control, 84 
toroid as servo tachometer, 709 

transformerless low-voltage regulated d-c 


. 


supply, 650 3 i 
triggered triac for reversing capacitor-start 
motor, 454 


two-photocell lamptcomparing, 125 wer 

ujt trigger for phase-controlled scr's feeding in- 
ductive load, 550, 554 

unbalanced phase-measuring at 100 MHz, 85 

voltmeter, 86 

Wheatstone fog null indicator, 87 

Wheaistone with linear thermistor in catheter, 


Wien for suppressing fundamental in audio dis- 
tortion meter, 396 

Wien in |-15 kHz high-stability oscillator, 531 

Nvleg in 15=200,000 Hz audio signal generator, 
3. 


Wien in opamp audio oscillator, 536 

Wien in oscillator having agc, 85 

Wien in vco with optoelectronic control, 524 
zener in feedback loop of opamp clipper, 


951 
Brightener, random transients on scape display, 


Buffer: 
40-MHz fast-settling fet, 20 
infinite-impedance mosfet amplifier, 16 
unity-gain audio, 23 ; 
7 Buoy, battery-operated flasher with daylight turn- 
off, 253 
Burglar alarm: ; ' ‘ 
apacitance-sensitive for safe or cash register, 
PSs 


footstap-detecting, 54 
A” high-sensitivity photoelectric, 575 
horn-blowing automotive, 64, 65 
JC siren, 5 
light-detecting, 315 
wtight-responsive, 573 
low-light photoelectric trigger, 584 
photoelectric using 200-ff beam, 584 
wire-touching, 2 
(See also Alarm; Intrusion alarm; Protection) 
eo Burst peak detector, video, 929 
oka, fight-operated, 581 


H cable. measuring insufation resistance with in- 
finite-impedance voltmeter, 397 
Cable harness tester, neon, 846, 848 
Cable ty, hum-suppressing video clamp amplifier, 
I 
P7Ealculator, magnetic-core shift register, 721 
Calibration: 
5-V constant-voitage d-c reference, 94} 
10-V constant-voltage d-c reference, 942 
Camera: 
we infrared Nipkow-disc pulse amplifier for cro, 
15 


960 


Camera (Cont.}: 


opamp Preamp for vidicon, 788 
( 


ee aiso Photography) 7 
Camera pickup tube, gamma correction, 803 
Capacitance, in-circuit measurement by reso- 
nance effect, 844 
Capacitance control: 
1,000:1 range with potentiometer, 93 
100-W programmable-ujt proximity switch, 92 
elevator button, 90 
/ tet touch switch, 93 | 
intrusion detector with alarm, 92 
4 lamp switch, 94 
7 liguid level in tank, 90 : 
Uquid level with 45-MHz Hartley oscillator, 9! 


4 proximity detector, 93 
(7 Bratinily switch for elevator control buttons, 92 


scr touch-button, 71 
stationary-paddle electronic keyer, II? 
y touch-activated switch, 93 


7 / touch alarm, 94 
7p tevch-button neon, 91 


touch-sensitive |50-W switch, 94 
“Aouch switch with 10-s delay for relay release, 94 
capacitance multiplier, filter for 2-k¥ supply, 234 
Capacitive switching, brushless motors, 448 
Capacitor, electronically variable using IC 
opamp, 924 
Capacitor-discharge ignition: 
two-ser, 72 
fet trigger for sports cars, 77 
Capacitor tester, neon, 843 
Car (see Automotive) 


” Cardiac monitor, |—30s linear sweep with ujf, 41} 


ardiac pacemaker: 
suppressing 60-Hz pickup, 413 
two-transistor, 407 
Cardiology, ultrasonic pulse-echo converter for 
strip-chart recorder, 407 


* Carrier, noise-avoiding delay for Dataphone data 


receiver, 77] 

Carrier-level control, automatic for 250-W a-m/] fsk 
transmitter, 891 

Cane suppression, 54-dB in balanced modulator, 


Cartridge tape player, stereo, 562 
Cascode amplifier, 500-MHz adjustable-band- 
width, 915 
Cathode follower, protection against large d-c 
input overload, 607 
Cathode ray: - 
5~1,500 Hz neon time base, 701 
150-MHz cro horizontal deflection amplifier, 5 
150-MHz cro horizontal preamp, 102 
|,200-meg input-impedance probe, 102, 
|,000,000-meg input-impedance probe, 100 ° 
—4 kV d-c restorer for grid unblanking, 941 
a-m percent modulation indicator, 403 
audio phase shifter for circular sweeps, 549 
auiomalic trace intensifier for high frequencies, 
6 
booster for measuring d-a converter settling 
time on cro, 204 
bootstrapped differential fet vertical preamp, 


calibrating time base with crystal-controlled 
mvbr, 271 : 

column-selecting staircase generator for numert- 
cal display, 752 

cy¢loid adapter for frequency-ratio display on 
scope, 276, 278 

dual-trace cro for color difference amplifier 
linearity, 803 

Hall-effect multiplier for polar display, 910 

neon low-frequency time base, 892 

opamp tester, 841 

row-selecting staircase generator for numerical 
display, 752 

trigger coincident with first field of frame in 
interlaced tv, 792 

d-c restorer, 94, 97, 98 

delay-measuring reference waveform generator, 


determining hardened scr switching time, 625 

dynamic deflection correction with analog IC 
modules, 99 

dynamic focus correction with analog iC 
modules, 99 

fet switch for multitrace cro display, 97 

focus coil current regulator, 96 

high-voltage d-c converter for numerical dis- 
play, 297 

horizontal deflection preamp with !0X sweep 
expansion, 99 

hybrid paraphrase amplifier for electrostatic 
deflection, 100 

IC preamp for cro, {2 

log-log display for network tester, 95 

measuring transistor storage time, 626 

neon pilot light and grid bias regulator, 99 

erent trigger gives sharp singie-trace photo, 


optoelectronic contrast control, 530 

protection from filament supply faults, 103 

pulse burst generator for triggering cro time 
base, 292 

radar ppi sweep generator, 103 

radar ppi to X-Y scan converter, 102 

rotating-phofotransistor position detector, 527 

rotator for changing displayed response curve of 
component, 78 

superimposing timing signal on pulse burst, 101 

widening and brightsning network for power-line 
transients, 104 

amplifier and NAND gate for numerical dis- 
play, 218 
e amplifier for numerical display, 210 


2 


Cathode ray (Cont.}: | : 
Z amplifier for numerical character display, 2!{ 
(See also Display; Oscilloscope) 


aie (see pommunity ontenne television) 


cB “gee: Citizens ban 
CCTY (see Closed-circuit television} 


tor, 448 
Ceramic cartridge, IC Darlington preamp, 43 
Ceramic filter, replacing i-f transformers in a-m 
radio, 312, 313 
Character generator: 
crt numerical figure-8 using column-selecting 
staircase generator, 752 
digital lamp display using resistor matrix, 220 
sequential sawtooth waveforms, 754 
Charger, undervoltage-overvoltage switching 
circuit, 82 
Chaser: 


er Ma switch, contact protection with transis- 


Paw for flashing lamps sequentially, 349 
- Fang action-simulating sign Jamps, 255 


alf-wave for sequential flashing of advertising 
sign lights, 348 
individual timing controls for lamp stages, 256 
Chebyshev response, |0-MHz five-crystal bandpass 
filter with 20-kHz bandwidth, 242, 242 
Chess player, 5-120 s thinking-time signal, 303 
Chime: 
actyated by door switch if headlights are on, 


lights-on alarm for positive-ground cars, 66, 


Chirp oscillator, |-s programmable uit, 532 
Choxe, multiple-winding for five-output d-c supply, 


Chopped-light detector, 7-kHz photo-fet, 581 
Chopper: 
20-Hz neon mvbr for four photocells, 108 
10-kHz double-mosfet, 107 
10-MHz in solid-state relay, 106 
amplifying low-level d-c signal, 110 


a automatic carrier-level control for transmitter, 
891 


balanced in microvoltmeter-microammeter, 105 
fet for analog signals, [08 
full-wave photoelectric for laboratory use, $07 
!C for digital-analog converter, 205 
1C in digital-analog converter, 110 
Jones scr in battery vehicle controller, 433 
low-offset using inverted-mode transistors, 106 
mosfet for low-level d-c signals, 106 
neon-lamp drive circuit for full-wave photo- 
electric, 107 
noise-cancelling, 109 
series-shunt switches driven by astable mvbr, 105 
series-type transformerless, [08 
stabilized inyerting-only opamp, 109 
stabilized noninverting opamp, 109 
strip-chart recorder with servo-driven pen, 108 
synchronous detector with 80 dB dynamic range 
at 100 kHz, 203 
transformerless using differential amplifier and 
constant-current source, 109 
two-fet for IC amplifier, 107 
fet to control opamp gain, 59 
Chroma amplifier, peaker stage, 816 
Chronometer, nanosecond-expanding taser radar, 
361, 361, 364, 365 
Chute, lamp-lascr jam sensor, 133 
Circuit breaker: 
300-mA scr, 748 
16-A dec scr flip-flop, 605 
adjustable-overyalicae with trigger for alarm, 
¢ 
electronic d-c overvoltage and overcurrent, 59! 


wa scr-driven for crowbar protection of 24-V d-c 


supply, 593 
transistor short-circuit protection, 592 
Circulating-loop test: 
switching speed of computer module, 198 
transistor switching speed, 846 
Citizens band: 
27-MHz 2-W transmitter, 886 
channel locator, 890 
phone patch, 770 
precision 50-MHz frequency-monitoring digital 
counter, 278 
Clamp: 
diode-resistor for standardizing flip-flop OFF 
voltage, 207 
width-controlfed pulse generator, 729 i 
Clearing circuit, integrator capacitor-discharging, 


‘ Climate control, 10-kW heater, 828 
Clipper: 
0.004-Hz sine-square-triangular generator, 895 
biased-base for isolating WWY |,000-Hz seconds 
tick, 235 
bidirectional four-diode, 622 
spamp with bridged zener feedback network, 


5 
single-sideband transceiver, 725 
two-zener spike-suppressing, 606 
zener in d-c converter, 143 
Clipping, current peaks in zener-bridge regulated 
power supply, 653 
Clock: 
0—| kHz random noise generator, 490 
Te Hz programmabie for 3.6-¥ RTL logic, 
100-kHz Colpitts crystal, 113 
100 kKHz—2 MHz crystal with 1C gates, 112 
500-kHz crystal square-wave operating from 
1.35-¥ mercury cell, 114 
|-MHz Colpitts crystal, 115 
|-15 MHz digital frem quad TTL gate and 
transistors, 113 


Clock (Cont.): 

§-MHz delay-line synchronized with turn-on gate 
pulses, 116 

a 1-600 pulses per minute for life-test racks, [{5 

424-hour with 30-Hz power supply, 112 
battery-powered crystal using frequency divider, 


a 116, 271, 273 


battery-powered using 100-kHz crystal oscillator, 
13 


counter with modulo 10 or 4 controlled by logic 
signal, I{5 

crystal-ujt relaxation oscillator, 116, 116 

delayed 1é-pulse train for alphanumeric display, 


fet coupling to TTL IC, If! 
frequency-control mvbr, 112 
gate with scr passes only complete pulses in 
train, 15 
high-precision IC with triangular and square- 
wave outputs, 114 
line driver for 34 mos shift registers, 116 
manval pulse generator with switch bounce sup- 
pression, 114 
measuring pulse delay with digitally-encoded 
reference waveform on cro, 10} 
resynchronizer for NRZ data signals, 112 
triggering one-shot on both edges of signal, 113 
7 Clock motor, operating from {2 V d-c with ujt- 
mvybr, 460 
Closed-circult television: 
automatic turn-on by video signals, 68! 
feeding home receiver through video modulator, 


4 
Cloud height: 
laser Vodae 364, 365 
laser radar time-pulse expander, 361, 361 
Coax, suppressing pulse overshoot in inductive 
load, 618 
Coaxial cable, passive video equalizer for 75- 
ohm, 240 
Code: 
audio beacon filter, 119 
clickless keying switch, LIB 
cow moniter for grid-block keyed transceiver, 


electromyograph amplifier driving keying relay, 
08 


electronic keyer, 118 

electronic keyer for paddle, 120 

improving s/n ratio, 120 

keying relay and monitor, 120 

practice oscillator, 119, 119, 120 

practice oscillator for ear hones, 119 

practice oscillator with a justable tone, 117 
practice set oscillator-amplifier, [18 

Bush butten-eperatedt alphanumeric Morse keyer, 


touch key for electronic keyer, 119 A 
voles-operated keyer for amputee or paralytic, 


Code generator: 
§-megabit pseudo-random using IC phase mod- 
ulator, 428 
balloon-borne telemetry, 767 
Code practice, c-w monitor, 872 
Coded fight, 2.7-kHz for photoelectric safety 
control, 317, 3 
Coffee pot, manually preset temperature control, 
8. 


Coincidence detector, |-usec pulse overlap with 
scs pair, 202 . 
Coincidence gate, trigger for first field of frame 
in Interlaced ty, 792 
, Coin finder, sensitive search-coll metal detector, 
Color bar generator: 
10:1 countdown frequency divider, 273 
ujt down-counter, 817 
». Color coding, automatic 1C comparator In tester- 
7 sorter, 122 
Color comparator, two-photocell, 406 
Colorimetry, log of current ratio, 508, 509 
Color organ: 
2,500-W four channel music-actuated, 221 
Eica Model 3440 kit circuit, 221 
Color television (see Television, color) 
Color temperature, comparing with two-photocell 
bridge, 125 
L Combination tock: 
magnetic reed switches, 307 
/ multiple-switch electric with alarm, 307 
Community antenna television, 54-216 MHz wide- 
band amplifier, 810, 816 
power-fet distribution amplifier, 777 
Comparator: 
0,.2-us voltage peak detector, 931 
2-mV sensitivity with [C opomp, [27 
adjustable-sensitivity in Paramatrix photo-digital 
converter, 124 
adjustable voltage referance, 945 
amplitude for pcm telephony, 774 
analog as pulse width modulator, 729 
binary bits with exclusive-OR logic, 377 
d-c voltage using IC differential amplifier, 127 
demodulator for digital data, 773 
differential amplifier, 126 
eliferentecl amplifier for motor speed control, 


diode in variable-repetition-period pulse gen- 
erator, 922 

diode-switched fet bridge, 84 
frequency using six dual NOR gates, 274 
go-no-go product tester and sorter, 22 
heat-reducing core-memory driver, 374 
high-sensitivity tunnel-diode voltage, 933 

va HI-LO-EQUAL outputs, 127 

tL 1C as d-e transformer for lagic circuits, {26 


y, 


Comparator (Conf.}: 
IC difterence amplifier, 123 
1C differential voltage: Tab 
IC in modulation envelope peak detector, 735 
IC pair as sine-square converter, 145 
illumination on two photocells, 406 
improving accuracy of low-frequency rate meter, 


122 
lome: color temperature using two-photocell 
ridge, 125 


light intensities, 587 _ 

millivolt-sensitivity using flip-flop, 125 

numer ee! value of positive and negative 0-12 Y, 
24 


peak detector for video bursts, 929 
phase of two pulse trains, 122 
pulse-adding algebraic, 121 
pulse frequency modulator, 425 
ses for storing nigher of two voltages, 123 
A ielttracking pulse-height detector, 930 
signal levels tn ternary decision unity, 121 
sine-square converter, 150 
temperature using IC differentia! amplifier, 899 
three-lamp a-c and polarity indicator, 123 
two-photocell bridge, 125 
foliage and phase for digital output, 947 
Hrvoliage for binary-encoder readout, 127 
voltage for magnetic pickup, 123 
voltage In signal level regulator, 126 
y voltage using IC opamp, 125, 127 
-” voltage with automatic range switching by IC 
opamps, 928 
voltage with gain of 2,000, 127 
voltage with visual readout, 125 
window-type for resistor grading, 124 
Comparison bridge, Jog null indicator, 87 
Compensation, push-pull class-B output transistors, 


Complementary transistors, dual emitter-follower 
with high current gain, 9 

Component, altering response curve with rotator, 
98 


Compressor: 
20-dB audio using [C opamp and fet, 53 
30-dB range for acoustical transducer signals, 55 
audio voiume level, 389 
audio with remote control of gain, 682 
Computer: 
150-ns reversible counter using IC's, 159 
analysis of inverter performance with NET-I 
program, 5} 
chopper-stabilized opamp integrator, 107 
core-memory driver with power-supply switching 
to reduce heat, 374 
dual-ser drive for tine printer solenoids, 617 
electrochemical E-cell for engine-oil life, 68 
expanding 5-us pulse to 300 ms with ujt- 
controlled mybr, 622 
highspeed read amplifier for thin-film memory, 


' 

1C 3-bit adder, 371 

IC sense amplifier with optimum design for 
production, 328 

logic signal converter for digital tv display, 379 

low-dissipation line driver for spaceship 
memory, 372 

memory sense amplifier for spaceship, 261 

memory write driver for spaceship, 370 

neon X-¥ matrix, 212 

numerical output display, 210 

optoelectronic digital data transmission isolator, 


Z 


sense amplifier for solenold-coupled read-only 
memory, 10 

time-sharing electronic keyboard, 772 

«tunnel diode interface with adjustable hysteresis, 


7 
tunnel-diode word-line driver, 376 
with Paramatrix for processing graphics, 89, 124 
Communication: 
80-kHz infrared modulator, 320 
phototransistor as infrared detector, 318 
pulse light using switch for solid-state lamp, 
7 


remote neon switch for audio channel, 55 
tactile with skin-tapping vibrotactor, 411 
Communication system, 2-32 MHz |-kW 
60-transistor amplifier, 11 
Community antenna television, electronically 
variable attenuator, 59 
Commutating disk, peak-responsive gate, 292 
Commutative triggering, complementary 
germanium tip-flop, 265 
Commutator: 
3-phose electronic for d-c motor, 444 
opamp with fet switches, 293 
Conductivity tester, printed-circuit wiring, 850 
Constant-current generator: 
6.5-V zener voltage stabilizer, 658, 670 
complex ramp generator, 702 
mono mvbr for linear voltage control of pulse 
width, 478 
Constant-current power supply, 500 wA-| mA 
adjustable scr, 180 
Censtant-current pulse generator, variable fre- 
quency and duty cycle, 413 
~Constant-current source: 
40-mA with 0.1% regulation, 183 
amplifier, 20 
temperature-compensated with diode, 182 
Contact bounce: 
eliminating in manually switched flip-flop, 264 
eliminating with programmable ujt, 6 
Contact chatter, monitoring with scr discontinuity 
tester, 842 
Contactless trigger, permanent-magnet rotor- 
/ driven for electronic ignition, 77 


Contact noise suppression, scr across switch, 747 
Contactor: 
at static a-c using small switch, 743 
ser static d-c using momentary switch, 745 
transistor static d-c using small switch, 746 
triac static a-c using small switch, 750 
aTontinuity tester, 0.1 ohm, 84) 
Continuous wave, monitor for grid-block keyed 
transceiver, 872 
Continuous-wave signal, improving s/n ratio, 120 
Contrast control: 
b-w tv video-output base-circult, 783 
b-w ty video-output collector-circuit, 789 
b-w tv video-output emitter-circuit, 798 
Control; 
TOncHix square;waye amplitude by d-c voltage, 


330-deg scr, 135 
600-W a-c full-wave triac, 358 
600-W basic full-wave ser, 352 
~600-W basic full-wave triac, 358 

*" 600-W extended-range diac-triac, 433 

600-W neon-triggered triac power, 135 
Pk triac for universal a-c/d-¢ motors, 446 

I-kW a-¢ load with phote-Darlington scr's, 577 
I-kW lamp load, 359 
{-kW with [C and triac, 948 
8-kW resistive load with discrete components, 


28 
aoe load with IC gate and triac, 747 
bilateral ser, 137 
conveyor line for impending jams, 133 
digital [C with versatility, [34 
dua! R-C bilateral ser, 133 
electromagnetic clutch with shorted-thyristor 
protection, 595 
wvelevator floor circuit, 13! ‘ 
qzelevator position register, 130 
full-wave for bilatera! scr, 137 
full-wave neon trigger for scr pair, 900 
fullewave ser with breakdown diodes, 129, 132 
full-wave with bidirectional thyristor and break- 
down diode, {34 
half-wave neon trigger for scr, 907 
Ar hor-strip detector for roiling mills, 569 
level in bin, 137 
liquid level with two metal probes, 136 
load current with complementary transistors, 162 
mechanical motion on earth satellite, 129 
mvbr drive for mechanical rod, 131 
negative resistance, 129 
neon-triggered scr full-wave power, 135 
neon-triggered ser phase-shifter, 135 
neon-triggered symmetrical scr power, 360 
neon-triggered transtormer-coupled scr power, 


power at 24 V with zener and transistor, 928 
power-reduction using rectifier, [36 
power-reduction using rectifier and triac, 133 
regenerative for regenerative loads, 452 
scr equivalent circuit fer C3J thyratron, 137 
scr slave for changing half-wave switching to 
full-wave, 820 
scr pair as thyratron substitute, 133 
scr with thyrector for transient voltage suppres- 
sion, -(37 
A sequential switching of 0.5-A loads, 129 
a sequential switching of two 100-mA loads, $35 
a six-floor elevator, [32 
smoothing magnetic clutch and brake, 136 
snap-action using complementary silicon tran- 
sistors, 750 
solenoid driver for electric typewriter key, 133 
. sound-activated relay, 304 
tone-actuated bilateral scr, 384 
triac-|C with reliable latching at low power, 742 
ujt and bilateral scr without hysteresis, 133 
ujt with bilateral scr for inductive loads, 128 
water level in washing machine, 130 
water level with scr and triac, 131 
(See a/so Lamp contro}; Motor control; Phase 
control; Photoelectric; Remote control} 
Convergence: 
color horizontal dynamic, 817 
color ty picture corners, 807 , 
color ty static and vertical dynamic, 8I1 
Converter: 
400-Hz sine-square, 714 
25-kHz d-c/d-c high-voltage, 146 
60-MHz to | MHz using IC video amplifiers, {55 
220-225 MHz to 14-19 MHz, 152 
6-meter battery-operated, 152 
36-dB a-c logarithmic, 150 
1.5 ¥ d-e to 5 k¥ d-c for ty, 299 
, c to 25 V d-c for ultraviolet light source, 


5 d- 
346 

5 V d- 18 k¥ d-c, 294 

V d-c 2. ¥ d-c bipolar, 139 

“V dec to 2 kV dec, 297 

.5 V dec to 290 ¥ d-c with improved regula- 
tion, 

5 V dec 

141 


2 
© 290 V d-c with low start-up power, 


8 Y d-c at 23 W stabilized, 144 

3.V d-c, 140 Rs 

3. V d-c, 143 

-c at 400 Hz, 140 
l 
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300 V d-c in Geiger counter, 627 
© 90 V d-c at 250 W, 144 
‘0 170 V dec, 141 
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Converter (Cont.): 
28 V d-c to 250 V d-c at 400 mA, 140 
28 V d-c to 3,500 V d-e single-scr, 297 
28 ¥ d-c to high-voltage d-c at 40 W, 143 
115 V a-c to 7,500 V a-c or d-¢, 299 
115 ¥ a-c to regulated 10-kV¥ |-mA d-c, 295 
4-bit digital-analog, 205 
a-m with self-oscillating fet, [51 . 
analog-digital as stepping moter drive, 926 
analog-frequency for optical f-m transmitter, 
687 


analog-period for telemetry, 763 

analog time-voltage, 407 

binary frequency generator for phased radar, 
148 


binary-decimal with transistor matrix, [47 
binary-decimat with transistor drivers for lamps, 
49 


binary to a-c, 7/1 A 
computer logic signa! to EIA video for digita! 
ty display, 379 
d-cf/d-c bipolar, 142 
d-cfd-c using mybr as square-wave source, [43 
d-c/d-c with zener spike-clipper, [43 
digital-analog using IC chopper, [10 
_prdecimal-binary 24-bit neon, 147 
“ frequency-voltage IC in telemetry system, 764 
frequency-voltage using fet phase detector, 277 
\C chopper for digital-analog, 205 
impedance in d-c amplifier for bioelectric 
probe, 408 
light to frequency for exposure control, 147 
linear to logarithmic d-c, 
wll | ithmic d-c, 148 
logarithmic a-c/d-c using IC logamp and 
opamp, 508 
negative-impedance, 2! 
negative-impedance for altering response curve 
of components, 98 
negative logic to positive, 380 
neon binary-decimal, 145 
ff period-voltage with low ripple, 690 
pulse for constant duty cycle over varying fre- 
ayency 623 
pulsed-light f-m to d-c analog, 688 
pulse trains to d-c voltage, }49 
pulse width to voltage, 206 
radar ppi display to X-Y display, 102 
(See alsa Analog-digital converter; Converter, 
radio: Digital-analog converter; Inverter; 
Mixer 
radio: 
30-MHz r-f to 5-MHz i-f, 155 
t-MHz from 60 MHz with IC double-balanced 
down converter, 155 
50~52 MHz to 14-16 MHz, 156 
144—148 MHz to [4-18 MHz, 155 
200 MHz to 50 MHz with common-source gate- 
injection mixer, 153 
200 MHz to 60 MHz with common-source 
source-injection fet, 153, 154 
250 MHz to 50 MHz, /52 
280 MHz to 500 MHz, |51 
432 MHz to 16 MHz, 154 
all-band amateur, 154 
a-m to fm, (57 4 
balanced cross-coupled transistor, 156 
balanced four-diode with half-wave carrier 
switch, 154 
balanced IC mixer for converting 20 MHz to 
1.75 MHz, 157 
balanced two-diode, 156 
police-band, 156 
(See also Mixer) 
rms to d-c using [C opamps, squaring, and 
square-rooting amplifiers, (40 
roll rate to d-c output, 146 
sine-square 5 Hz~600 kHz signal-powered, 149 
sine-square for testing digital equipment, 146 
sine-square 1C, 145, 149 
sine-square using emitter-coupled limiter, 149 
sine-square with phase shifting, 150 
square-sine, 233 
transmission of light to density and exposure, 586 
transmitted digital data to logic levels, 371 
triangular-sawtooth, 700 
unipolar-bipolar pulses, 148 
voltage-current paired for gyrator, 411 
voltage-frequency for digital servo motor, 922 
voltage-frequency IC in filter network tester, 95 
voltage-frequency IC in telemetry transmitter, 768 
voltage-frequency two-decade, 924 
voltage-frequency with 0.1% linearity, 922 
voltage to pulse width, 6146 
Conveyor: 
light-actuated object counter, 565 
photoelectric jam detector, 572 
preventing ferky starts and stops, 136 
Conveyor line, lamp-laser jam sensor for 
impending jams, (33 
Cooling control, photographic developer, 837 
Core-memory driver, heat-reducing with auto- 
matic supply voltage switching, 374 
Correlator, 300-MHz with 35-dB rejection, 493 
Cosine-wave doubler, 10200 kHz IC, 51 
Counter: 
40-Hz cold-cathode coupling stage, 188 
400-Hz cold-cathode coupling stege, 16? 
4-kHz scaler with reset, 172 
4-kHz three-decade with cald-cathade trigger- 
tube coupling, 168 
4-kHz triggered blocking oscillator, 16] 
20-kHz ring using ses’s, 175 
100 tite Eccles-Jordan with 500-mA pulse current, 


wo ME lowcost RTL for digital instrumentation, 
3 
20-MHz fast-triggering flip-flop, 176 
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50-MHz precision digital for monitoring CB 
frequencies, 278 
14th-pulse-trigger in color-bor generator, 817 
. 25-object-per-second photoelectric, 579, 582 
2:1 input pulse scaler, 271 
99:1 adjustable frequency divider, 272 
100:) count-down for |0-kHz input, 173 
automate restarting of beam-switching tubes, 
., binary using 3N81 scs stages, 165 
bipolar pulses, (76 
biquinary indicater drive, 215 
bistable for Nixie or neon, 218 
clock with modulo [0 or 4 controlled by logic 
signal, 15 
common-cathode sus lamp-driving ring, 163 
comparator improves accuracy of low-frequency 
rate meter, 122 
digitally-encoded reference waveform generator 
for cro, } 
five-stage for ring divider, 270 
four-decade count-rate meter, 764 
frequency-measuring for scope, 277 
Geiger portable, 628 
giving one pulse for adjustable number of input 
pulses, 167 
» IC biquinary with lamp readout, 167 
LS IE for digital voltmeter, 397 
IC drive for ten numerical indicators, 141 
Vas ic JK flip-flops for analog current summing, 15 
light-actuated for conveyor belt, 565 
low-cost digital readout with lamps, 170 
7 moving metal objects on production line with 
r-f proximity detector, 421 
neon bed conversion, 145 
.neon binary display, [66 
“ power supply for six-decade, {60 
power supply for three-decade chain, 648 
» proximity-switch for objects on conveyor, 92 
a pulse-shaping coupler for stepping tubes, 170 
¢ reversible IC with 150-ns switching, 159 
ring with low power drain using scs's, 174 
ring with variable timing, 174 
ripple using DTL NAND gate, 178 
scale-of-!6 in balloon-borne telemetry, 767 
scr adnade-coupled ring for Nixie decade read- 
out, 179 
scs for numerical indicator tube, {63 
scs reset pulse generator, [75 
scs ring with segment decoding, 163 
scs ring with sequential timer and inhibits, 864 
small moving objects such as threads, 199 
specified number of pulses in train, 932 
staircase generator for low repetition rate, 410 
three power supplies for 50-MHz, 646 
three-stage binary for electronic dice, 300 
three-stage ring divider, 269 
two-step lockout of relay, 675 
{See also Ring counter; Scaler) 
Counter tester, combination astable-mono mvbr, 


Count-rate meter: 
3.4-V temperature-stabilized bios supply, 656 
four-decade, 764 
Crap game: 
Yalectronic dice, 300 
ates and drivers for seven-lamp display, 301 
hift register and digital pulser, 302 
rozsfader: : 
presets for theatrical lamp dimmer, 355 
two-lamp triac for slide projectors, 352 
Crosstalk, adjustable in stereo sound-source width 
control, 5 
Crowbar: 
flash-triggered series-scr as 6-kV switch, 298 
high-speed overvoltage-overcurrent for d-c 
supply, 593 
ser in IC protection circuit, 598 
Cryogenic-diode oscillator, 30 Hz~—30 kHz relaxo- 
tion, 533 
Crystal calibrotor: 
100-kHz with harmonics to 150 MHz, 874 
six-frequency with harmonics, 274 
Crystal filter: 
464.5-kHz ssb, 726 
10-MHz with 20-kHz bandwidth, 242, 242 
Heath f-m i-f amplifier, 308 
hi-fi f-m i-f with 1C’s, 633 
Crystal pickup: 
3-W amplifier with bass and treble controls, 49 
3-W record-player amplifier, 558 
Crystal ssb filter, test sweep generator, 726 
Crystal tester: 
3.5—90 MHz go-no-go, 848 
one-tube, 849 
Cubic function generator, using low-cost 
unmatched-fet squarer, 504 
Current control: 
|-mA adjustable regulated, 180 
30-mA constant-current with Raysistor, 184 
40-mA constant-current source, 183 
185-mA jaboratory standard, 180 
7-A solid-state circuit breaker, 597 
455-kHz f-m oscillator, 282 
TY constantscusrent transistor-zenes regulator, 


bias current for IC amplifier, 184 

bias for summing amplifier, 
complementary-transistor, 182 

constani-currant source for solid-state lamp, 182, 


extending range of d-c microammeter, 404 

fet constant-current reference source for regula- 
tor, 673 

fet Sonstant-curreny source for voltage regulator, 


a 


Current control (Cont.): 
lamp indicators for direction and level, 183 
nA-sensing, 183 
optoelectronic regulator, 18, 184 
reference voltage supply, 664 
single-transistor current regulator, 183 
stabilized d-c supply, 181 
temperafure compensation with diode, 182 
temperature stabilization, 182 

Current flow detector, 10-~4A direction-indicating, 

3 


Current limiter: 
16-A d-c scr circuit breaker, 605 _ 
protecting satellite battery from inverter shorts, 
59 


transistor with short-circuit protection, 592 
Current measurement: 
fet gate leakage in pA, 853 


¢ picoammeter, 395, 395 
current overload, protection with tunnel diode 


and transistor, 593 
Current regulator: 
70-mA d-c using biasing diodes, 673 
70-mA d-c using single diode, 672 
70-mA d-c using zener, 670 
70-mA d-c two-terminal, 666 
3-kW a-c Tesistive load, 528 
ert focus coil, 96 
gas-tube nolse source, 492 
(See a/so Regulated power supply) 
Current-regutator diode, praraqularar for 10-¥ 
series voltage regulator, 672 
Current sink: 
(00-mA in 5-V voltage regulator, 664 
3-A for constant-voltage output to clamped 
logic circuits, 380 
Current summing, !C JK flip-flops, 165 
Curve tracer: 
regulated power supply, 650 
transistor, 842, 843 
Cycloid adapter, frequency-ratio display for cro, 


Damped tone generator, audio using resonant- 
reed relay, 677 ; ee 
Damping, triac-generated rfi in lamp-dimming 
Iter, 
Darlington: 
10-Hz bandwidth at 400 Hz with bridged-T net- 
work, 38 
13-MHz video amplifier without crossover distor- 
tion, 718 
8-s relay time delay, 862 


¢12-V regulated power supply, 642 
Ze Aigebraic pulse-adding comparator, 121 


d-c using zener bootstrap, 909 
driver for 25-W public address, 38 
driver for shift register, 716 
IC phono preamp, 43 
jatching touch switch, 347 
linear high-voltage amplifier, 10 
logarithmic amplifier, 510 
neon as lamp failure indicator, 608, 609 
overioad protection of power supply, 596 
photoelectric in 1.000-W a-c control, 577 
power amplifier driving d-c motor, 434 
power amplifier for d-c motor control, 756 
power amplifier for timer, 871 
programmable vjt in tv vertical deflection, 793 
pulse amplifier with capacitive load, 8 
Q-multiplier in vif receiver, 635 , 
series switch in 30-Y d-c 5-A pwm switching 
Preregulator, 640 
single-button on-off touch switch, 349 
touch switch, 347 
Darlington transistor, 50 Hz—100 kHz mvbr, 483 
Darlington triplet, d-c amplifier for bioelectric 
probe, 408 
Data compression, a-c logarithmic converter, 150 
Dataphone: 
nojse-avoiding delay for carrier-detect line, 771 
time-sharing electronic keyboard, 772 
Data transmission: 
delay equalizer, 198 
optoelectronic isolator, 525 
R-C network in line equalizer, 769 
Dawn chorus, 4-16 kHz vif receiver, 633 
D-c amplifier: 
60-Hz pickup suppression filter, 241 
0—| MHz with gain of 100, 193 
35 dB gain, 191 
4-W high-stability, 40 
28-W 28-V servo, 714 
I-kW using pulse-width modulation, (89 
2,000-meg input resistance bioelectric probe, 408 
100 voltage gain and 800-kHz bandwidth, 192 
100 voltage gain with [C and two fet choppers, 


2,000 voltage gain with stabilization, 190 

6,500 voltage gain three-stage push-pull, 188 

40,000 voltage gain, |87 

70,000 voltage-gain four-stage with single-ended 
output, 186 

100,000 voltage-gain three-stage differentia! with 
single-ended output, 186 

150,000 voltage gain, 192 

150,000 voltage gain with low voltage drift, 185 

1,500,000 voltage gain, 187 

boosting performance, 19} 

differential !C inverting with adjustable source 
resistance, [91 

differential [C noninverting, 193 

double-differantiatad in regulated power supply, 


extending range of d-c microammeter, 404 
fet-stabilized, 185 


D-c amplifier (Cont.): 
galvanometer, 400, 400 
high-sensitivity photoelectric control, 570 
high-stability using BCY5S differential transistor 


pair, 190 
IC hybrid with open-loop gain of 500, [88 
(IC inverting with gain of 10, 14 
IC with 90-dB common mode rejection, 186 
inverting with gain of —30, 19 
level changer, 192 
low-level fet with zero-output modification, 193 
neon-memory switch as coupling element, 190 
noninverting with gain of 30, 193 
preamp for photoelectric positioning servo, 582 
regulated 10-kV l-mA d-c supply, 295 
icchometer speed control of auto tape player, 


triangular-square Pulse generator, 897 
trigger for silicon photocell, 582 
two-way inverting with unity gain, 93 
width-controlled pulse generator, 729 
D-c motor, reversing with scr pair, 457 
D-c restorer, —4 kV for crt un lanking, 941 
D-c transformer, |C comparator providing logic- 
circuit isolation, 126 
Decimal-binary converter, 24-bit neon, 147 
Decimal readout, two-diode switch for neon 
lamp, 216 
Decoder: 
8-4-2-| bed, 216 


Detector (Cont): 
buffered version of Schmitt trigger, 202 
buried metal, 42 
buried metal and pipes, 420 
capacitance-type for liquid level in tank, 90 
cascaded two-transistor emitter-follower, 310 
change of slope in periodic waveform, 202 
differential digital signal, 513 
differential input for low-level signals up to 

14 MHz, 20 
envelope using IC i-f amplifier, 637, 637 
excessive drift in diode leakage current, 850 
failure of one out of three d-c voltages, 939 
fet moisture, 857 
hot-strip photoelectric for rolling mills, 56% 
IC chip with i-f amplifier for car radio, 324 
input signal for digital logic network, 199 
inverting peak for both negative and positive 
maxima, 932 

jams in conveyor chute, 572 
Jamp current deviation, 849 
light-absence, 581 
light-interruption, 579 
light-presence, 579 
liquid fevel using Iwo metal probes, 136 
low-level signals up to 13 MHz, 202 
metal in walls and wood, 422 
millivolt in-phase signals buried in noise, 201 
minimum pulse width, 200 
missing-pulse, 3 


Differential amplifier (Cont.): 


CA3000 RCA video-type IC, 326 

wcrlingion IC as free-running mybr, 919 

d-c with forward feed for stabilization, 190 

digital-analog converter, 208 

digital control of gain for two-speed tape 
recorder, 383 

electronic reset independently of output ampli- 
tude or polarity, 503 


o Fairchild 2A726 in logarithmic amplifier, 500 


fast comparator, [26 

hard limiter for opamp, 50] 
heat-reducing core-memory driver, 374 
high-efficiency dual-output, 187 
high-gain d-c, 507 

high-sensitivity exposure meter, 587 

IC buffer on Jogic module, 515 


IC in d-c voltage regulator, 671 


IC in reference voltage supply, 664 

IC in stabilized direct current supply, 181 

IC in temperature comparator, 899 

IC inverting a-c with gain of 10, 14, 14 

iC inverting with adjustable input bias, 15 

IC inverting with adjustable output bias, 15 

IC inverting with adjustable source resistance, 
| 

IC noninverting, 193 

IC wideband with high input impedance, {3 

IC with 90-dB common mode rejection, 186 

{C with high input impedance, |7 


missing-pulse using backward mono mybr, 469 gin-circvit capacitance checker, 844 
modulation envelope peak, 935 logarithmic conversion, 501 : 
nA-sensing, [83 long feng-tall pair for improved rejection, 15 
neon capacitor leakage, 843 ve memory sense tor spaceship computer, 26] 
neon simultaneous-pulse, 20! & millivolt transducer signals, 522 

é 


we frequency audio -with resonant-reed relay, 
76 


Decoupler, stereo IC preamps, 25 
Deflection: 

1.5-inch-diagonal ty screen from 5-V supply, 779 
modulator for subaudio on 2-kHz subcarrior, 423 


dynamic correction for magnetic cro, 99 
Degaussing, manual circuit fn Philco color ty, 811 
De Haas Shubnikoy measurement: 

0,04-10.99 Hz tunable filter, 234 

differentiator, 507 

Hall probe field control, 402 
Delay: 

100-ns with one-shot mybr, 196 

0.8-45 with pulse stretcher, 197 

10-us with pulse enhancement, 198 

64-us ultrasonic, 196 

{00-y1s mybr, 197 

02.5 ms for 400-Hz square wave, 197 

é-ms analog for 25 to 150 Hz, 197 

{00 ms~20 s hybrid mono mybr, 467 

0.01-60 s for enlarger lamp turnoff, 590 

bleOs adjustable for photographic enlarger, 


eo 
mes for switching to receiver of transceiver, 875 
0.6-s in light-pulse detector, 58 
|—60 s ujt-scr for 28 V d-c, 585 
7 60-s diac-triac with latching, 366 
7540-5 with programmable ujt, 366 
Pf i0-s auto headlight turnoff, 69 
200-bit digital data, 195 
1% accuracy for laser firing pulse intervals, 363 
adjustable for leading edge of pulse, 194 
adjustable turn-on for t,200-W load-control 
triac, 368 
avdio-actuated relay for tape recorder, 56 
cable tor testing IC switching speed, 198 
clock pulse generator for alphanumeric crt 
display, 198 
conveyor shutoff for lamp-lascr jam sensor, 133 
input pulse width in pulse compressor or 
expander, 194 
mono mybr, 195 
mono mvbr with zener stabilization of delay, 474 
motor-contro) shutoff, 431 
one-way with backward monostable mybr, 469 
photographic enlarger control, 590 
positive-going edge of mvybr pulse, 196 
single-transistor flip-flop, 263 
time-dependent lamp control, 360 
ujt oscillator in signal detector, 199 
(See also Timer) e 
Delay equalizer, |C opamp as d-c amplifier, 198 
Delay line: 
; 50-ohm in pulse generator, 615 
pulse-sfretching, 197 
¢ sync separator for improved ty monitor resolu- 
tion, 785 
ultrasonic 64-zs glass rod for pulses, 196 
Delay-line generator, gated phase-locked pulse 
bursts, 292 ¢ 
Demodulation transformer, matrixing in transistor 
color ty, 808 
Demodulator: 
400-Hz phase-sensitive linear with 5.5-V d-c 
output, 553 
400-Hz servo amplifier, 714 
1.22.4 kHz demodulator for digital data, 773 
color ty double-diode, 815 
dual-gate fet for color ty, 804 
(C transformerless with modulator, 429 
millivolt in-phase signals buried in noise, 201 
pulse-modulated sine-wave carrier, 765 
ssb ring using diode bridge, 724 = sail, 
synchronous for tuning 60-Hz signal buried in 
noise, 494 
(See also Detector) 
Design graphs, optimum 100-kHz astable mvbr, 
473 


Detector: 
I-zA current, 201) | 
10-A with direction-indicating lamps, 183 
5-mA leakage current of appliances, 60? 
t-MHz square-wave phase, 203 
45-MHz IC amplifier for bridge, 308 
15-s pause in machine operation, 567 
bipolar pulse peaks from digital tape head, 385 
bridge balance, 8% 


nine-input binary-level opamp, 939 

nonmagnetic metals in wood with Colpitts 
oscillator, 420 

opamp fault, 850 

overcurrent for 20-A a-c load, 594 

overvoitage for 20-A a-c load, 594 

peak amplitude of 10-ns pulses, 938 

peak amplitude of sharp-rise pulses by 
stretching, 940 

peak-sensing for repetitive waveforms, 935 

people by body capacitance, 92 

phase in frequency-voltage converter, 277 

Phase-sensitive transformerless for 20-MHz i-f 
signals, 636 

phase sequence for three-phase motors, 200 

photo-fet chopped-light, 58] 

position using rotating phototransistor, 529 

power-line spikes with fuse-blowing zeners, 937 

product for ssb receiver, 726 

product using IC i-f amplifier, 636 

product with IC r-f amplifier. 633 

pulse coincidence using blocking oscillator as 
AND gate, 290 | 

pulse coincidence with scs pair, 202 

pulse-height for care-memory output, 930 

pulse sequence with scs pair, 203 

pulse train with counter, 932 

pulse-width error, 20i 

rain-gage recorder turn-on, 200 

Schmitt trigger for signals, 902 

signal dropout, 5. 

signal envelope limits, 933 

small moving objects such as threads, 199 

smoke using pulsed-light source, 527, 568 

synchronous high-speed fet, 203 

synchronous phase using three IC opamps, 503 

tv Intercarrier sound, 799 

ultra-sensitive 5 mV to 10 V, 933 

voltage band for low-level signals, 203 

voltage level using tunnel diode and transistor, 
936 

- yoltage peak using opamp and fet, 932 

voltage threshold for transistor r-f breakdown, 

938 


voltage window using two analog comparators, 

30 

water level in washing machine, 130 

whistle sound with PXE detector, 304 

zero-axis with IC NOR gate, 950 

zero-crossing for analog power spectrum 
analysis, 951 

zeto-crossing for signals up to 10 MHz, 950 

zero-crossing using /C opamp, 949 

zero-crossing within 0.4 


{See also Demodulator; Peak detector; Threshold 


detector; Voltage level detector; Voltage 
peak detector; Zero-voltage detector) 
Deviation detector, lamp current, 849 
Diamond gate, Paramatrix for converting photos 
to digital signals, 89 
Dice, electronic using flip-flops, 300 


Diese! generator, automatic startup for power-line 


failure, 602 
Difference omni ets 2.7-V regulated power 
supply, 65! 
Differential amplifier: 
1-mA constant-current power supply, 180 


“ 300-kHz square-wave generator, 736 


30-MHz linear amplifier, 884 

2-W IC audio, 26 

5.3-V highly stabilized d-c supply, 943 

12.4-¥ precision voltage reference, 944 

200-V de pwm switching regulator, 659 

290-V d-c series regulator, 669 

AN D-gate conversion for switching regulator, 


boosting input impedance, 517 

boosting output current with added stage, 51é 

boosting performance with 450-V transistor 
stage, 191 

bootstrapped fet for cro, 104 7 

bootstrapped for cro vertical preamp, 104 


_putput stage with gain down to d-c, |5 


A Pitran piezoeleciric-transistor strain gage, 401 


preamp for photoelectric positioning servo, 582 
pulse output from strain gage, 191 

scs as voitage comparator, 123 

servo with variable common-mode level, 712 
smoothing magnetic clutch and brake operation, 


« square-wave pulse generator, 732 


stable square-wave generator, 924 
sirain-gage, 398 

subaudio sine-square-triangular generator, 536 
tangent function generator, 62] 

transformerless chopper, 109 

trigger for silicon photocell, 582 
vartable-gain single-control 1C, 520 

wideband using two [C r-f amplifiers, 18 
zero-axis detector, 950 


Differential comparator: 


tC in capacitance checker, 844 
IC voltage with level shift, 766 


Differential input, iC amplifier with bias current 


drift compensation, (81 


Differential-input multiplier: 


noninverting square-rooting, 502 
offset nulling, 506 


_ Differential relay, |-V differential with mosfet, 676 
° Ditterential trigger, high-input-impedance Schmitt, 
3 


Differential voltmeter, log null indicator, 87 
Differentiating amplifier, automatic ert trace 
intensifier for high frequencies, 96 


Differentiator; 


compensated IC, 735 

IC opamp 

leading edge of rectangular pulse to get |é-ns 
trigger spike, 903 

low-frequency opamp, 507 

tracking with noncapacitive Input, 512 

with voltage doubler for widening and bright- 
ening transients on scope, |04 


Digital: , 
we electronic potentiometer using |G mybrs and 


opamp, 149 
Ic line driver, 18 
interface for logic conversion, 373 
line receiver using analog comparator, 513 
optoelectronic data transmission isolator, 525 
pulse leading-edge sharpener, 619 
pulse squarer using sharpening charge-controlied 
diodes, 619 
pulse trailing-edge sharpener, 619 
readout display lamp, 220 


Digital-analog converter: 


4-bit using complementary transistors as 
switches, 205 

10-MHz binary-coded, 204 

8.2-V ultrastable reference, 944 

booster for measuring settling time on cro, 204 

clamped load for flip-flop, 207 

dual-fet switch, 371 

high-level analog switch, 208 

high-speed current-summing, 205 

(C chopper, (10, 205 

integrate-hold anaiog switches, 205 

ladder switch, 206 

ladder switch for —10 V reference, 207 

ladder switch for 4-¥ positive or negative 
reference, 206 

ladder switch for +10 V reference, 207 

pulse width to voltage, 206 

Pam to analog voltage with ramp generator, 
08 


TTL gates and resistive ladder network, 207 


Digital circuit: 


gate with scr passes only complete pulses in 
train, 115 

low-dissipation fine driver for spaceship 
memory, 372 

low-speed oscillator for visual checkout at 2 Hz, 
84 < 


963 


Digital circuit (Cont.): 
memory sense amplifier for spac. 

pinay wette driver for space computer 376 a 
igital computer : 

Digital control: ee\Cemputer) 
20-A load with com 

Sitch, 373 

amplifier gain tor two-speed ta 

Digital dyenerator and flip-flop. To8 Fecoreler, 383 
taital data, converting back to logi 

Digital filter, series-switched, 693 esis. level 371 

Digital instrumentation, low-cost RTL biquinary, 


plementary compound 


Digital integrated-circuit test 

- Spammes ote ester, adapter for IC 
igital line, noise suppression with IC opa 489 

Digital system, inexpansive crystal-ujt clock Tle, 


Digital tape system, peak d i 
. pultes, 388 . peak detector for bipolar 
gital tv display, converter for ¢ - 
. ‘generated logic signals, 379 empeter 
Digital voltmeter: 
CS low-cost, 397, 402 
puleg stretchar for measuring peak amplitude, 


Dimmer (see Lamp dimmer) 
Diode generator, tangent function, 621 
Diode leakaga, lavel detector for excessive drift, 


Diode tester, opens and shorts, 85/ 

Dip / wave motor, mosfet oscillator, 277 

Direction finder, Hall-effect multiplier for polar 
_ display, 910 

Discriminator: 
aan pulse widths, 201 
avtomatic go-no-go voltage for 5.4~5.8 V pass- 

band, 928 ‘. i 7 

lest tecovery ane-shot for f-m pulse averaging, 


frequency using six dual NOR gates, 274 
microampare current, 201 
pulse width, 714 
pulse width with noisa rejaction, 492 
RCA color automatic fine tuning, 809 
ultra-narroweband f-m with twintron, 279 
voltage-controllad oscillator, 926 
wide-range f-m without tuned circuits, 286 
(See also Datectar) 
Displacement control, photoelectric, 569 
Displacement detector, sliding-aperture photo- 
electric, 401, 404 
Display: 
24-bit naon decimal-binary converter, 147 
550-W scr a-c chaser for lamp string, 348 
bah scrstriac a-c chaser for lamp string, 
347 
4-¥ turn-on for neons, 212 
anode coupled scr ring counter drive for Nixie, 
q 


neds scanning for series of indicator tubes, 
0 


binary-to-dacimal converter with transistor- 
drivan lamps 


1 
binary-ta-daclmal converter with transistor o 


matrix, 147 
biquinary indicator, 215 
bistoble driver for Nixie or neon, 218 
bistable indicator lamp, 209 7 
clock pulse generator delay for alphanumeric 
ert display, 198 
color organ for hi-fi sound, 22] 
combination driver and storage flip-flop for 
Nixie, 214, 255 
converting ppl to X-Y, 102 
dacimal readout with neon lamp, 216 — 
driving 110-¥ lamp from low-level logic, 378 
aloctroluminescent panal with scr contro!, 219 
fot switch for multitrace single-channel cro, 97 
flashlight-activated 1,000-lamp neon, 211 
Jour-digit numerical indicator with anode scan- 
; ning, 219 
ifeandescant lamp failure Indicator, 608, 609 
logic signal converter for computer-generated 
digital tv, 379 , 
~ low-cost incandescant digital readout, 170 
low-voltaga nonlatching neon indicator, 210 
music-actuatad four-color lamp, 221 
neon annunciator, 56 : 
neon appliance heater-operation indicator, 21! 
naon bed converter, 145 
neon binary countor, 166 
neon five-condition, 209 
neon four-condition, 218 
neon fuse-candition, 216 
neon In relay driver, 674 
neon long-life indicator, 219 
neon Manlay-Buckley ring counter, 176 
noon nanlatching voltage indicator, 212 
neon stove pilot flame monitor, 4 
neon switch-soquence-of-operation, 21! 
neon using 1.5-¥ supply, 220 7 
neon using planar pnpn switch as driver, 213 
neon using planar i as driver, 214 
neon X-¥ matrix, 
Nixie with decoder for 8-4-2-1 bed, 216 
numarical crt high-voltage d-c converter, 297 
numerical ert using bar matrix generator, 213 
numarical crt using column-selecting staircase 
rator, 752 . 
numarical ert ‘using row-selecting staircase 
generator, 752 
marical crt using Z amplifier, 211 
numerical ert X amplifier and NAND gate, 218 
numarical crt Y amplifier, 210 


aumorical indicator bank with memory for scs 
counter, 178 


* 
a 


7 


964 


Display (Cont.): 
numerical indicator with ses ring counter driver, 
214 


parallel-digit computer output on numerical 
indicator bank, 210 

passed-test indicator lamps for sequencing 
tester, 844 

polar with Hall-effect multiplier, 910 

potentiometer position on meter, 218 

power-interruption, 4, 5 

ppi using IC opamp, 103 

protection from cathode-ray filament supply 
faults, 103 

pulse-amplitude indicator lamps using planar 
ses triggers, 900 

temote. tamp using minimum number of lines, 


running-text using neon shift register tubes as 
lamps, 718, 718, 719 | 

scr-controlied amp for digital IC, 220 

ser driver for 24-¥ lamp, 212 

sct driver for neon, 213 

segment-type with ring counter for decoding, 


solr eecited dynamic drive for indicator tubes, 


sequential flasher for auto lamps, 65 

series scr drive for electroi\uminescent panel, 210 
seven-lamp for electronic crap game, 30 
seven-lamp numeric using resistor matrix, 220 
short-pulse neon indicator, 219 

solig-state lamp as a-c line voltage indicator, 


store-window photoelectric twilight turn-on and 
timer turn-off, 583 

synchronized dynamic drive for indicator tubes, 
716 


three-lamp a-c and polarity indicator, [23 
three-lamp voltage-level, 934 
_ three-mode lamp, 214 
transistor-connected scr as Nixie driver, 212 
transistor-operated neon, 219 
two-lamp logic level indicator, 378 
widening and brightening random transients on 
scope, 104 
wide-range neon voltage indicator, 274 
{See of/so Cathode ray) 
Distortion, ssb monitor using cro, 724 
Distortion measurement, audio amplifiers with 
Wien-bridge oscillator, 88 
Distortion meter, audio, 376 
Divider: 
analog producing rectangular pulse train, 500 
analog signals with fet's and opamps, 512 
analog two-quadrant using squaring modules 
and opamps, 505 
binary chain using sus, 172 
d-c voltage for a-c gain-changer, 134 
d-c voltage using multiplier and dua! opamp, 
giving one pulse for adjustable number of input 
pulses, [67 
IC opamp with fet's for servo error command 
voltage, 710 
iC with simultaneous multiplication, 506 
logarithmic using {C apamps, 500 
two-quadrant analog using multiplier IC, 498 
(See also Frequency divider) 
Division, opamp with four-quadrant multiplier, 
521 


\ 


Dog) mentoring rectal temperature with thermistor 


ridge, 414 

Dolphin, communication with frequency- 
modulated human words, 282 

Doorbell, simulation with twin-T ringing oscillator, 


Door opener: 
light-sensitive fet, 570, 571 
long-range photoelectric control, 577 
proximity switch, 92 
Doubler: 
frequency with lamp-photodiode isolation, 529 
{C giving 20 kHz from 10 kHz, 5] 
(See also Frequency multiplier; Voltage 
multiplier) 
Double-sideband generator, mosfet r-f switch with 
erystal oscillator, 429 
Double-sideband modulation, tl-meter CB trans- 
ceiver, 884 
Down-counter, color-bar generator, 817 
Drag racing, high-@ electronic ignition, 70 
Driver: . 
core-memory with dual-mode heat-reducing 
power supply, 374 
latching planar pnpn for driving neons, 213, 369 
latching planar pnpn for driving Nixie ring 
counter, 174 
low-dissipation for spaceship memory address 
ine, 372 
memory write for spaceship computer, 370 
mosfet gate IC for sample-and-hold, 689 
optical logic for static switch, 376, 380, 380, 380 
planar scs for neon, 214 
ser for 20-channe! recorder pen loads, 750 
shift register using Darlington pair, 716 
Drum, electronic, 223 
pes simulation with twin-T ringing oscillator, 


Duplexer, 10-50 MHz using six diodes, 876 
Duty cycle: 
adjustable up to 500:1 for mybr, 480 
constant for varying pulse frequency, 623 
Dwell meter, four-gate !C for auto engines, 758 


Earth conductivity, measurement with 4-Hz high- 
power pulses, 728 


~ 
mm 


es 


Echo ambiguity analyzer, laser cloud height 
radar, 364 

EIA video standard, conversion from computer- 
generated logic signals for digital tv display, 


* Electric blanket, manually preset temperature 


m 


control, 830 

Electric cor, battery discharge sensor, 64 

Electric fence: 

a-c charger using scr, 297 

* solid-state charger, 298 

Electric hammer, haff-cycle solenoid drive with 
ser one-shot, 902 

E Sctrochemical, E-cell computer for engine-oil 
Ife, 68 

Electroencephalograph, level detector, 409 

Electroluminescent panel: 

scr control, 219 

series scr drive, 210 

ectrometer, measuring 0.1 pA d-c, 404 

Electrometer amplifier: 

fet for measuring 0.1 pA, 406 

hybrid 1C replacement for tube, 412 

lowenglie fet for measuring !00 femtoamperes, 

9 

Electrometer tube, replaced by mosfet in radia- 
tion meter, 628 

Electromyograph amplifier: 

driving transmitter keying relay, 408 

servo contro! for tuning knob, 408 

ectronle fuse, 5.5-A for power-supply transistors, 

§ 


Electronic ignition (see Automotive ignition) 
Electronic lock, Hartley-oscillator, 686 
Electronic music: 

6-Hz tremolo for pickup, 226 

6-Hz vibrato, 229 

7-Hz vibrato oscillator for organ, 224 

130.811 046.5 Hz ujt sawtooth generator for 

organ, 223 

adjustable metronome, 224 

buzz-free organ with rich tones, 228 

color organ, 221 

cymbal afterbeat effect for electronic organ, 


224 
Eico Model 3440 color organ kit, 221 
fet tremolo, 228 
fet vibrato, 229 
flasher as metronome, 252 
four percussion instruments, 223, 223 
fuzz box for guitar, 227 
IC Glidetone, 224 
IC string guitar, 227 
metronome for a-c line, 228 
metronome from scr and latching relay, 256 
mixer-amplifier for single-yoice organ, 229 
neon organ tone generator, 225 
single-osciflator organ, 226 
single-voice organ, 222 
six-octave organ tone generator, 225 
Theremin, 222 . 
Theremin for broadcast receiver, 223 
fronsistor-coupled neon organ tone generator, 


twin-T audio oscillator, 223 

twin-T gliding-tone and key-shift system, 226 

twin-T oscillator for ‘'sustain’', 229 

twin-T ringing oscillator for drums and gongs, 
227 


twin-T wave-shaping active filter for organ, 237 


gélectronic organ, dua!-sawtooth tone generator, 
; 707 


i 


(See afso Electronic music) 
Electrooptical circuit {see Optoelectronic; Photo- 
electric) 
Electroslatic deflection, hybrid paraphase ampli- 
ier, 100 
Electrostatic precipitator, solid-state high-voltage 
supply, 299 
Elevator button, capacitance control, 90 
Elevator control: 
floor circuit, 13f 
low-light trigger, 584 
position register, 130 
proximity switch for floor button, 92 
six-floor solid-state, 132 
touch-activated, 93 
Emergency light: 
avtomatic ser switch, 347 
battery-operated for a-c line failure, 348 
Emitter follower, protection against large d-c 
input overload, 607 
Enlarger: 
0.01—60 s phototimer, 590, 869 
0.1-60 s timer, 587 
5—!20 s timer for 240 W, 853 
exposure meter, 586 
Envelope detector, dual opamp driving out-of- 
limit pilot lamp, 933 
Equalization: 
RIAA for phono preamp, 556, 560, 54] 
three-setting in [C audio preamp, 24 
Equalizer: 
delay in carrier system, 198 
passive for 75-ohm video coax, 240 
R-C network for data transmission over tele- 
phone line, 769 
Erase oscillator, magnetic tape, 382 
Ericofon, tone ringer replaces telephone bell, 
49. 
Error correction, redundancy in 
pulsed power mode, 264 
Event time-of-occurrence, transistors with Shockley 
diode, 867 
Exclusive-OR: 
diode bridge and switching transistor, 86 
low-cost complementary-transistor, 373 


flip-flop with 


Exclusive-OR (Cont.): 
one transistor and three diodes, 372 


Expansion function, squaring or cubic using varis- 


tor with opamp, 518. 
Explosive bolt, squib firing circuit, 612, 615 
Exponential function generator: 
below unity using varistor with opamp, 521 
voltage, 501 


Exposure contral, light-to-frequency converter driy- 


ing counter, 147 Ne . 7 
Exposure meter, high-sensitivity for night pictures, 
587 


Facsimile: she t a = 
baseband photomultiplier amplifier using Ray- 
sistor, 524 
delay equalizer, [98 
photoelectric background control for portable 
a-m transmitter, 526 
Fan: 
bilateral ser speed control, 133 
brushless d-c motor driven by inverter, 447 


we diac-triac full-wave phase control, 549 
“" speed contro! for constant temperature, 823 
.# speed control for shaded-pole motor up to 1.5 


. 357 7 
Fathometer, 40-kHz 50-W power amplifier, 710 
Fault alarm, buzzer and lamp indicators, 5 


Feedback, inductive for protecting audio-powered 


transistors, 610 es : 
Feedback circult,“cancelling phone-line noise, 771 
Fence charger, solid-state, 296, 297 
Fiber optics: 
feedback for motor speed control, 756 
flash-triggered 4-kV series-ser switch, 298 


Field effect transistor, transconductance test set 


with error compensation, 838 


Field strength meter: 


single-transiztor, 401 : a 
untuned diode with two-transistor amplifier, 401 


Film, 35-mm time-code marker, 588 
Filter: 


520-Hz twin-T resonant amplifier, 21 
I-kHz bandwidth in muscle noise simulator, 409 
16_20 kHz telephone-channel bandpass, 772 
104-108 kHz telephone-channel passive band- 
pass filter, 773 , 
200-kHz constant-K variable-bandwidth for sonar 
superhet, 909 
464.5-kHz ferrite coil-crystal ssb, 726 
a-c line with surge-clipping bridge, 608 
active: 
O—| Hz active low-pass using fet, 230 
0,04—10.99 Hz tunable twin-T pass or rejection, 
23 


4 
8-Hz twin-T in mosfet feedback loop, 233 
30800 Hz electronically tuned twin-T notch, 
2 


8 

60-Hz IC notch, 231 
560-Hz bandpass in tone signaling system, 237 
800—1,200 Hz notch with automatic optoelec- 

tronic tracking, 232 
800--|,200 Hz optoelectronic tracking, 232 
|,000-Hz WWY seconds tick, 235 
3 Bilal bandpass using gated @ multiplier, 


3 
60:1 electronic ripple for 28-V d-c output, 238 
250:| electronic ripple for 28 V d-c output, 236 
25-V 0.5+A transistor power supply, 237 
adjustable bandpass for 1,6—2.4 kHz, 237 
audio for color organ, 221 
bandpass using IC follower, 238 
bandpass with 1G opamp, 237 
capacitance-multiplying for 2-k¥ supply, 234 
dual-IC opamp, 236 
notch using IC opamp, 235 
notch using twin-T network in mosfet pair, 234 
phono nojze and rumble, 231 
RC controlled by pulse-train duty factor, 236 
sharp-cutoff low-frequency, 238 
slope-sharpening, 233 
square-sine converter, 233 
three-section all-pass, 235 
tunable audio bandpass, 231 
tunable d-c to 40 kHz, 238 
twin-T wave-shaping for organ, 237 
two-section using 1C opamps, 230 
unity-gain amplifier, 237 
variable-bandpass using fet with 1C wideband 
amplifier, 232 
varlable-bandwidth notch for 100—150 Hz, 230 
voltage-tunable low-pass audio, 236 2 
ceramic replacing i-f transformers in a-m radio, 
312, 313 
choke-input with transistor as bleeder, 65] 
coded audio marker beacon, 119 
damped r-f for triac, 241 
damped r-f for triac in 600-W lamp dimmer, 
358 
four-pole lattice crystal in Heath f-m i-f, 308 
gated jow-pass with two time constants, 692 
low-pass active in 0-1 kHz random noise gen- 
erator, 490 
low-pass for suppressing tv camera preamp 
noise above 5.5 MHz, 798 
Ott in 400-Hz inverter for 28 V d-c to 120 V 
a-c, 343 
Passive: 
as pickup suppression for d-c amplifier, 


500-Hz high-pass, 241 

1-3 kHz phase-splitting all-pass, 240 

lauey kHz cascaded phase-splitting all-pass, 
42 


(OMe five-erystal with 20-kHz passband, 242, 
42 


Filter (Cont.): 
passive (Cont.}: 
audio combination low-pass high-pass, 239 
equalizing 75-ahm coax, 240 
L-C for conducted rfi of triac or ser, 241 
measuring cutoff with [C’s and vco, 239 
negative bias supply for transistors, 240 
ninth-order low-pass, 24] 
power-line interference, 240 
rfi suppression, 241 
silicon rectifier substitution for tubes, 241 
single-choke for five-output d-c supply, 243 
sixth-order symmetrical bandpass, 24] 
zener replaces output capacitor, 242 
self-powered active noise for steel-mil} control 
lines, 489 
serles-switched digital, 693 
two-transistor capacitorless for 12-¥ supply, 647 
vif active gyrator, 41f 
Fire alarm, ser oscillator, 2 
Fire-fighting, portable infrared heat detector for 
smoke-filled room, 315 
Flame detector: 


““ infrared fire alarm system, 320 


portable infrared for smcke-filled roam, 315 

Flash: 

§0-joule photographic, 245 

2~300 Hz low-cost strobe, 245 

65-us 3-lamp for color photography of hum- 
mingbirds, 246 

annular xenon for optical pumping of laser 
crystal, 364 

color organ for hi-fi sound, 221 

duration measurement, 247 

external trigger for water-cooled xenon, 244 

Krytron trigger for spark gap or flashtube, 296 

lascr-scs duration sensor, 249 

Saser slave trigger for camera, 248 

light-actuated, 244 

linear pulsed xenon with series injection trig 
gering, 365 

measuring total light energy, 247 

miniature xenon for time marking of film, 247 

preventing overcharge of strobe capacitor, 248 

scr trigger for camera, 245, 248 

simplenser trigger for photographic flashtube, 


slave using laser in standard flash gun, 244 
spark-gap switch with trigger for pair of tubes, 


ty 

strobelight slave adapter, 246 

strobascope for stopping motion, 247 

switch actuation with a iustable delay, 246 

thyratron trigger for flashtube, 249 

triggering un to turn on laser, 248 

wide-range battery-operated strobe, 249 
flasieasiuated witch, variable on-time laser, 


Flasher: 

2-Hz neon, 258 

Hz battery-operated, 250 

~Hz for 100-mA lamp using scs pair, 257 

Hz traffic light, 259 

3-Hz using neon mybr and mercury relay, 252 

300-Hz neon, 258 

lacie cycle per minute scr with latching relay, 
56 


“5 current-limiting long-lite, 250 

-W 12-V two-transistor adiustable, 258 

AW 2 adjustable-rate daylight-contralled, 
254 


40-W adjustable with photoelectric daylight 
control, 257 
40-W varlable-rate with photoelectric daylight 
contral, 259 
gait sequential lamps using scr ring counter, 
8 


240-W adjustable, 252 

240-W with fixed 0.5-s flashes, 252 

I-kW a-c with daylight-off control, 253 

1-kW two-lamp a-e with two triacs, 251 

I-kW two-lamp using ujt flip-flop and triacs, 255 
I-kW using ujt relaxation oscillator and relay, 


Ten portable for bicycles, 251 


6&-V relaxation oscillator for auto breakdown 
warning, 251 

&-V with daylight-turnoff, 253 

12-¥ single-lamp scr for barricades, autos, or 
boats, 254 

24-V lamp, 256 

28-V d-c ser flip-flop for single lamp, 255 

I17-¥ a-c tamp, 257 

adjustable chaser-type, 256 

battery-operated night light, 258 

chaser-type for sign jamps, 255 

high-reliabitity scr flip-flop, 252 

high-voltage scr flip-flop, 260 

long duty cycle with mosfet, 250 

low line voltage alarm, 5 

low-power |2-¥ dec scr/ ult, 254 

neon Halloween pumpkin, 305 

neon oscillating, 305 

photoceil-controlled, 257 

power-failure indicator, 606 

random neon, 303, 307 

ring counter-scr sequential for multiple lamps, 
258 


scr with adjustable on and off times, 259 

sequential neon, 251 oa 

sequential ser-chaser for advertising sign lights, 
348 


sequential scr-triac chaser for 600-W lamps, 
349 
sequential tail-lights, 69 


sequential turn signal for auto, 65 
simple two-transistor, 251 


Flasher (Con#.): 


single-lamp d-c using ser flip-flop, 253 
three Jame neon sequential, 254 
three-mode indicator lamp, 214 
xenon with ujt-triggered scr drive, 257 


Flash lamp, measuring total light energy, 392 
Flash photolysis, two-flashtube power supply with 


triggered spark gap, 2% 


Flip-flop: 


400-Hz for scr gates, 264 

220-kHz with 2.2-mW dissipation, 261 

7.8-MHz for counter, 262 

[0-W regenerative amplifier stage, 265 

|-kW. flasher for two lamps, 255 

20-min using relay and neon, 677 

base-triggered frequency-dividing, 904 

basic bistable uit, tel 

binary neon, 26) 

bistable hybrid tunnel diode-transistor, 265 

bistable mosfet with low power dissipation, 263 

clamped load for standardizing OFF voltage 
level, 207 

combina ety driver and storage for Nixie, 214, 
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complementary germanium, 265 
complementary In 400-Hz inverter, 335 
complementary silicon, 262 

current-controlled negative resistance, 129 
d-c voltage multiplier, 138 

driving digitally controlled sweep, 704 
driving reed swttches in d-c/a-c Inverter, 342 
dual-output for triggering two-ser inverter, 901 
electronic dice, 300 

electronic Morse-coda keyer, 118 


electronic slot machine, 305 
emitter-coupled complemented for ring counters, 
901 


fast-recovery using four IC gates, 378 

fast-triggertng for 20-MHz counter, 176 

free-running high-voltage ser, 260 

hardened, 627 

high-voltage comparator, 125 

IC as a:table mybr, 468 

IC as monostable mybr, 480 

IC JK for analog current summing, 165 

IC with 4-V output for turning on neons, 212 

flea un comparators as sine-square converter, 

isolation-switch bounce suppression in single- 
pulse generator, 740 

low-frequency from sce and latching relay, 256 

manval switching without contact bounce, 264 

measuring switch response time, 399 

memory sense amplifier, 261 

mod fag Eccles-Jordan with five stable states, 


neon cable harness fester, 848 

neon-operated, 852 

nonvolatile, 262 

photoelectric direction-of-motion indicator, 570 
potentiometer as adjustable-hysteresls trigger, 


pulse-controlled magnetic latching relay, 675 

pulsed micropower IC for spacecraft, 264 

pulse-stretching with delay-line-control, 197 

pulsing drive for solid-state lamp, 347 

remote-control scr latch, 368 

sce high-power, 243 

set-reset bistable using two NOR gates, 265 

single-lamp d-c scr, 253 

single-transistor transformerless collector-follow- 
ing, 263 

square-wave phase detector, 203 

sweep-driving, 699 

sweep-driving in frequency divider, 697 

sweep-driving In relay turn-on time control, 703 

sweep-driving in variable-width pulse generator, 
701 


testing with 50-MHz pulse generator, 727 
triggered in square-wave generator, 733 
trigger pulse train generator for scr pair, 901 
tunnel-diode for analog-digital conversion, 263 
unhardened version, 625 
(See also Logic) 
Flow contro}, pulse frequency-width modulator for 
Pneumatic valve, 428 
Flow monitor, lamp-laser conveyor-line jam 
sensor, |33 
Fluorescent dimmer: 
400-30,000 Hz single-scr inverter supply, 71f 
inverse-parallel scr's, 252 
scr in bridge, 357 
"Fluorescent lamp: 
4-W inverter, 334 
operation from 12-¥ battery with inverter, 345 
Fluorescent lighting, high-frequency single-ser tn- 
verter supply, 911 
Flux meter, [C providing digital readout, 395 
Flying-spot scanner, 100-MHz photomultiplier 
amplifier for ty slides, 793 
F-m (see Frequency modulation) 
Focus, dynamic correction for magnetic cro, 99 
Follawer, unity-gain from IC difference amplifier, 


Forced matching, low-cost fet's in squarer, 504 

Fork (see Tuning fork) 

Four-quadrant multiplier, squaring modules and 
opamps, 505 

Freezer, remote measurement of temperature, 88 

Frequency comparator, using six dual NOR gates, 
274 


Frequency control: 
balanced-bridge mixer in panoramic veo, 923 
mvbr with 40 kHz per V sensitivity, 919 
Frequency divider: 
30-Hz power supply for 24-hour clock, 112 
8 kHz:1 kHz simplified sus, 266 
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Frequency divider (Cont.)}: 

8 kHz:l kHz transient-free sus, 269 

20 kHz from 100-kHz crystal oscillator, 271 

20 MHz to 10 MHz with resonant circuits, 27! 

50-MHz to 25-MHz varactor, 269 : 

150 MHz to 75 MHz with varactor diode with 
transistor, 272 

2:1 bistable mvbr, 471 

2:1 pulse-scaling for counter, 271 

5:1 for pulses, 288 | 

5:1 using transistor in avalanche mode, 272 

42:1 one-shot mvbr, 266 

60:1 clock-driven fail-safe, 246 

100:1 with three ujf's for 20-kHz input, 272 

adjustable-ratio jitter-free ujt, 267 

adjustable up to 99:1, 272 

base-triggered complementary flip-flop, 904 

battery-powered crystal clock, 273 ® 

cascaded ujt with !,390-Hz master oscillator, 


erystal-controlled mvybr, 27! 

decade with complementary ujt's, 267 

divide-by-2 neon, 268 

fast flip-ilop for 7.5 MHz, 262 

five-stage ring, 270 

flip-flop for 100-kHz square-wave generator, 276 

large-countdown, 273 

magnetic-core adjustable-ratio from | to [0, 
270 


neon and staircase generator, 755 

neon as organ tone generator, 225 

neon scale-of-8, 273 

neon staircase generator, 755 

neon with transistor coupling, 269 

self-dividing-by-10 IC crystal oscillator, 268 

synchronized output from linear sweep and 

flip-flop, 697 

three-stage ring, 269 

uhf using astable mvbr with transformer, 270 
Frequency doubler: ; 

optical with lamp-photodiode isolation, 529 

output of relaxation osciflator or mybr, 465 
Frequency measurement: 

400-Hz standard fork-controlled oscillator, 276 

100-kHz crystal calibrator with harmonics to 150 


2, 874 
100-kHz 1C square-wave standard, 276 
Jone Kriz square-wave standard signal generator, 
5 


400-Hz mvbr with sensistors, 275 
1.13-MHz veo for comparing frequency stand- 
ards, 275 

60-MHz digital counter for CB, 278 
cycloid-generating adapter for cro, 276, 278 
fet equivalent of grid-dip meter, 277 
frequency-voltage converter, 277 
grid dip meter, 276 | 
resonant frequency with dip/wave meter, 277 
six-frequency crystal calibrator, 274 
tIme base substitute for scope, 277 
wavemeter, 277 

Frequency meter, 02,000 Hz, 275 

Frequency modulation: . 
500-Hz deviation of 2-kHz ujt oscillator, 279 
10.7-MHz cascode i-f JC, 280, 281 
10.7-MHz IC i-f strip, 287 
10.7-MHz two-IC i-f strip, 280, 284, 285 
12-MHz f-m Itmiting i-f amplifier, 310 
30-MHz second local oscillator for double 

superhet, 546 

88~108 MHz f-m IC front end, 282 
88—108 MHz tuner using dual-gate mosfet mixer, 


284 
94~108 MHz R-C tuner and i-f amplifier, 281 
{00-MHz small-deviation Hartley oscillator, 283 
ary MHz first oscillator of double superhet, 


28 
238-270 MHz r-¢ amplifier, 284 
1,1002,600 pulse-per-second pulse modulator, 


545-mW IC audio amplifier, 46 
2-gram telemetry package for nerve signals, 
5 


a-m to f-m converter, 157 

compact preamp, 283 

current-controlled 455-kHz tetrode crystal oscil- 
lator, 282 

d-c control of audio generator for dolphin 
commands, 282 : 

demodulator for pulse-modulated sinusoid, 765 

double-conversion receiver, 279 

fast-recovery one-shot as pulse-averaging dis- 
criminator, 478 

hi-fi stereo i-f with IC's, 633 

H-resonator discriminator, 279 

I-f amplifier with IC's and crystal filters, 308 

leweirequency modulator for tape recording, 

3 


low-noise r-f input stage, 279 

no-coil IC for ty sound i-f, 797 

optical pulsed-light transmitter, 687 

product of two dec voltages, 425 

pulsed-light receiver, 488 

pulse generator for process syne, 612 

SCA adapter for background music, 287 

single-transistor oscillator-modulator, 286 

tape rate-of-change limiter, 388, 388 

tester for phase-shift networks in i-f tuned 
amplifier, 847 

three-gang tuner, 283 

tuner with i-f stage, 286 

two-gang fet tuner, 285 

varactor diode, 283 

wide-tange discriminator without tuned circuits, 


Frequency-modulation receiver, IC tuning lamp 
drive, 323 


966 


Frequency multiplier: D 
’ 100 MHz to 2 GHz with step recovery diode, 


884 
154174 MHz marine-band f-m amplifier, 883 
doubler with lamp-photodiode isolation, 529 
even-integer sequential switching, 730 
1C doubler for 10 kHz, 51 
quadrupler, 86 
quadrupler and doubler in 145-MHz sonobuoy 
transmitter, 908 
square-wave daubler, 734 
triggering one-shot on both edges of clock 
signal, 113 
tripler for 40-MHz crystal oscillator, 543 
tripler for 400 Hz, 53 
Frequency selectivity, controlled by fet switch in 
R-C filter, 236 
Frequency shift keyer, audio for radfoteletype, 120 
Frequency-shift-keying, automatic carrier-leve 
control, 891 
Frequency standard, 100 and 20 kHz single- 
erystal, 539 
Frequency-voltage converter: 
fet phase detector, 277 
suppressing 60-Hz pickup In cardiac pacemaker, 


» Fuel pump, blocking-oselllator drive, 67, 68, 68 
Function generator: 
0.1~}00 Hz sine-square-triangular, 896 
340-deg sine-cosine, 504 
adjyitable:slope and adjustable-duration ramp, 


expansion using varistor with opamp, 518 

exponential below unity, 521 

four-quadrant sine, 503 

square root of sum of squares, 499 

square-triangle-sine-cosine IC, 893 

tangent and other complex waveforms, 621 

time as exponent, 703 

(See also Generator; Pulse generator; Pulse 
processing; Pulse shaping; Sawtooth genera- 
tor; Signal generator; Simulator; Staircase 
generator) 

Fuse: 

5.5-A electronic for power-supply transistors, 

599 


audible alarm to indicate blowing. 3 
diodes for meter protection, 408, 607 
forced blowing by {C protection circuit, 598 
forced blowing by load-shunting diode in scr 

circuit, 606 

Fuze: 

~ electric arming delay in proximity-type, 870 

smeasuring generator speed with tachometer in 

proximity-type, 759 

proximity in T-171 mortar shell, 415, 420 

7. proximity in T-172 mortar shell, 415, 415, 420 

* proximity in T-2005 rocket, 417 
“reactlon-grid-detector in proximity-type, 417, 421 

self-destructing delay in proximity-type, 868 
Fuzz box, guitar, 227 


Gain-changer, d-c voltage-controjled, 134 
Gain control, digital command for preamp of 
tape recorder, 383 
Galvanometer: 
d-c amplifier, 400, 400 
differential amplifier, 403 
high-frequency overvoltage protection, 604 
Gamma correction, ty camera pickup tubes, 803 
Garage-door control: 
gf |5-kKHz magnetic receiver, 684 
.15«kHz magnetic transmitter, 684 
sylight-sensitive fet, 570, 571 
long-range photoelectric, 577 
tadio-controlled triac, 682 
tadio receiver using single scr, 685 
Garage light: 
0.01-60 s turn-off delay, 869 
remote on-off status indicator, 684 


#7” Garbage can, solid-state dog-repelling charger, 
‘ 96 
gf Gas pilot flame, !8,000-V timed spark as replace- 


ment, 298 
Gate: 

30-70 kHz veo using dual-gate IC, 925 

40-MHz low-noise using diode bridge, 87 

100: rejection for |.5-ns pulses, 293 

a-¢ signal, 29] 

analeg with |.5-us switching time, 289 

analog with 50-ns switching time, 293 

analog with 500-ns switching time, 289 

AND using blocking oscillator for pulse co- 
incidence, 290 

bar matrix generator for numerical display, 213 

bidirectional analog with fet suppression of 
spurious spikes, 288 

bipolar video controlled by square wave, 292 

buffer in 1-3 MHz crystal oscillator, 542 

coincidence for locking onto first field pulse of 
each tv frame, 792 

Sombining on IC to give fast-recovery flip-flop, 


controlling a-c load current through triac, 747 

DTL NAND in ripple counter, 178 

DTL NOR with fan-out of 11, 290 

dual AND used as astable mvbr, 644 

dual AND used as differential amplifier, 644 

dual NOR in frequency comparator, 274 

electronic crap game, 30 

exclusive-or using diode bridge and switching 
transistor, 86 

Fairchild «L914 IC in self-d 
ator, 268 

high noise immunity, 292 

hybrid driving 150-ohm transmission line, 293 


ling crystal oscil- 


Gate (Con?.}: 

IC in automatic Morse-code keyer, 118 

IC NAND In one-shot mvbr, 112 

IC NAND quad as free-running mvbr, 484 

linear fet, 290 

mosfet sampling [C increases sampling dynamic 
range, 689 

mosfet transient-free linear, 289 

NAND for electronic slot machine, 302 

NOR as trigger generator, 900 

NOR combined with pulse stretcher, 375 

NOR for electronic slot machine, 307 

opamp with fet switches, 293 

phase-locked pulse bursts, 292 

photomultiplier for sampling, 690 

precision analog, 290 

quad NAND as 33-MHz oscillator for —2.4 ¥ 
bias supply, 240 

quadruple as pulse-generating one-shot without 
switch noise, 488 

qued TTL in digital clock, 113 

quad two-inpuf in 10 kHz—10 MHz square-wave 
crystal-controlled pulse generator, 740 

remieterconlrollad exclusive OR for microphones, 


responds only to peaks above zero voltage 
level, 292 

serial-entry left-right shift register, 717 

series diode-quad bridge, 89 

shunt diode bridge, 88 

spare used as zener regulator, 646 

speeding fall time with zener, 288 

stall-preventing for mvbr, 472 

synchronous AND and delayed AND's for scs 
counter, 174 

synchronous AND as driver for scs counter, 164 

synchronous AND with delayed OR for scs 
counter, $74 

triac for noise-free a-c switching, 950 

tripling Inputs for NAND, 375 

TTL in 7-MHzx veo, 924 

TTL in d-a converter, 207 

two-channel pulse width control, 291 

wide-range f-m discriminator without tuned 
circuits, 286 

Hy to insure passing complete clock pulses, 


(See also Logic; Switching) 
Cate diodes, switching neons of decimal readout, 


Gate pulse generator, mybr-driyen blocking 
oscillator, 731, 
Gear shift indicating lamp, automotive, 760 
Geiger counter: 
portable, 628 
serine paraliel printed-circuit capacitor switch, 


Generator, constant-current IC opamp for ampli- 
tude modulation, 423 
(See a/so Oscillator; Pulse generator) 
Geophysics, 0.1-4 Hz pulse generator for earth 
conductivity measurement, 728 


Ghost, balloon-borne telemetry system, 767 


Glidetone, IC electronic music, 224 
Gliding tone, twin-T music oscillator, 226 
Golticart, speed control of 36-V series d-c motor, 


Gong, simulation with twin-T ringing oscillator, 


Go-no-go, voltage-level discriminator for 5.6~5.8 
Y passband, 928 
Goto pair, pulse comparator, 121 
Graphics, converting to digital signals with Para- 
matrix and computer, 89, 124 
Graphs, optimum astable mvbr design, 473 
Grass, simulator for radar return-signal, 489 
Greenwich Mean Time, electric clock operated 
on 30 Hz, 112 
Grid-dip meter: 
fet equivalent, 277 
single-tube portable, 276 
Guitar: 
6-Hz tremolo, 226 
6-Hz vibrato, 22? 
electronic fuzz box, 227 
IC electronic, 227 


all stteet device, preamp using 1C opamp, 


8 
Hall-effect multiplier, rectangular-polar coordi- 
nate converter, 710 
Halloween, neon blinker for pumpkin, 305 
Hall probe, field control, 402 
Hammer, half-cycie solenoid drive with scr one- 
shot, 902 
Hardening: 
flip-flop, 625, 627 
transistor preamp, 627 
Harmonic generator (see Oscillator} 
Harness tester, neon, 846, 848 
Hartley oscillator, liquid-levei-sensing, 9! 
Hawaiian guitar, IC Glidetone, 224 
Hazard indicator, photoelectric blinking night 
light, 258 
Hazard warning: 
multiple-lamp a-c sequential flasher, 258 
single-lamp d-c scr flasher, 253 
Hearing aid: 


0.9-mW, iC, 42 

0.9-mW minimum-component IC, 4] 
IemW IC, 25 

I-mW three-transistor, 37 

1.5-mW IC, 42 


f Heart, pacemaker, 407 


Heart beat, monitoring with staircase generator 
as counter, 410 
Heat (see Temperature control) 
Heat alarm, ser oscillator, 2 
Heat detector, portable infrared for smoke-filled 
room, 315 
Heater: 
10-kKW climate-controlled, 828 
bilateral ser control, 133 
diac-triac full-wave phase control, 549 
voltage regulator for vacuum tube, 658 
Heater control, 25-W laser, 583 
High voltage: 
1,600-V d-c qutomatic-start laser supply, 362 
1,600-V d-c manual-start laser supply, 363 
12-k¥ d-c supply for infrared image converter, 


20-k¥ trigger for arc discharge tube, 296 

neon voltage Indicator, 294 

optoelectronic overload pratectian, 298 

trigger for flashtube or spark gap, 296 

High-voltage converter: 

U5 V dec to 5 k¥ d-e for tv, 299 

4,5 V d-c¢ to 16 k¥ d-c at 320 wW from 4.5-V 
flashlight cell, 294 

&Y dec to 2.kV d-c, 297 

28 V d-c to 3,500 V d-c, 297 

115 7 a-c to 7,500 Y a-c or d-c for neon signs, 
9 


9 
(See alsa High-voltage inverter; Inverter) 
High-voltage ignition, 18,000-V spark once per 
second replaces gas pilot flame, 298 
High-voltage Inverter: 
ao 20 V d-c to 20 kY a-c for are lamp, 297 
ae 115 V a-c to regulated 10-k¥ duc, 295 
(See also High-voltage converter; Converter) 
High-voltage pulser, 2.8-10 k¥, 298 
High-voltage supply: 


1,000-¥ d-c using transistor-switched capacitors, 
294 o 


a-c electric fence charger using scr, 297 

trigger for 5=25 k¥ spark gap, 296 
High-voltage switch: 

aK, pulsacganecating with switching transistors, 


99 
&-kV flash-triggered scr, 298 
trigger for 5-25 kV spark gap, 295 
Hobby circuit: 
chess-game timer, 303 
_2% combination lock, 307 
crap game, 301, 302 


dice game, 300 
drip-drip sound generator, 307 
Halloween pumpkin blinker, 305 


hand-clapping control, 304 
magnetic combination lock, 307 
model train control, 301, 303, 304, 306 
neon flasher, 305 
panic button, 300 
random neon flasher, 303 
siren, 301, 302, 304, 306 
six-neon random flasher, 307 
slot machine, 302, 302, 305, 305, 307 
sound-controlled turtle, 305 
voice-controlled model train, 306 
whistle-controlled tay, 304 
Hold circuit: 
measuring short-duration value, 691 
voltage peak for pen recorder, 934 
7 tloming, ser-relay stepper, 680 
Horizontal deflection: 
|.5-inch-diagonal tv having 5-V supply, 779 
adding pump transistor, 796 
Horizontal drive, 4,000-line vidicon, 780 
Horizontal output: 
B+: and 9.5-kV supplies, 794 
power transistor stage for b-w tv, 789 
Horizontal sweep, two-transistor Sony, 790 
Horizontal switch, 4,000-line vidicon, 781 
Herzental system, all-transistor large-screen tv, 
78: 


Hot-strip detector, photoelectric for rolling mills, 


wv Humidity alarm, ser oscillator, 2 

Humidity control, ramp-and-pedestal photoelec- 
tric, 875 

Hydrophone, [0—10,000 Hz preamp, 711, | 

Hysteresis, eliminating In valtage level indicator, 
938 


Hysteresis circuit, opamp design procedure for 
two thresholds, 939 

Hysteresis switch, bistable regenerative 0-| MHz 
square-wave generator, 732 


|-f amplifier (see Intermediate-frequency ampli- 
ier) 
Ignition: : 
19,000-Y timed spark replacing gas pilot flame, 
298 


high-precision tachometer, 756 
(See also Automotive ignition) ° 
'gnition-off headlight alarm, single-fransistor, 68, 
é 


Ignition, Krytron trigger, 905 

(Iumination: 
900-W snap-action a-c threshold switch, 743 
measuring intensity and total flash energy, 


47 

(See a/so Photoelectric) 
‘Illumination control: 

960-W with 1% accuracy, 344 

photoelectric serva, 590 

(See also Lamp control; Lamp dimmer) 
image converter, 12-k¥ d-c supply for infrared 

viewer, 316 


image converter tube, tester using lamp color 
temperature comparator, 125 
Impedance: 
reducing in regulated power supply for servo, 


variable-transistor type in tv age, 58 
Impedance converter, d-c amplifier for bioelec- 
tric probe, 408 
Incandescent lamp, starting-current surge limiter, 
605 
Indicator: 
5-mA leakage current in appliances, 609 
a-c Hne voltage with solid-state lamp, 213 
fong-life neon, 219 
neon annunciator, 56 
neon appliance heater operation, 211 
neon call for unattended selective-calling re- 
ceiver, 367 
neon capacitar leakage, 843 
neon five-condition, 209 
neon four-condition, 218 
neon fuse-condition, 216 
neon low-voltage nonlatching, 210 
neon Manley-Buckley ring counter, 176 
neon nonlatching voltage, 212 
neon relay contact-closing-sequence, 678 
neon short-pulse, 219 
neon simultaneous-pulse, 201 
neon switch-sequence-ofoperation 211 
neon turn-on by low-voltage IC, 212 
neon wide-range valtage, 294 
remate neon on-off for three-way switches, 684 
transistor-operated neon, 219 
video pulse stretcher for driving test lamp, 846 
voltage level without hysteresis, 938 
(See also Character generator: Display; Volt. 
meter) 
a induction heating: . 
400—30,000 Hz inverter using sinale scr, 911 
single-scr ultrasonic inverter, 910 
Inductive feedback, protecting audio-powered 
transistors, 610 
Inductive load: 
control with uit and bilateral ser, $28 
matching to characteristic impedance of coax, 


6/8 
tndustrial control (see Control) 
tnfrared: 
2.7-kHz coded-light detector, 317 
2.7-kHz coded light source, 318 
80-kHz modulator, 320 
12-kV d-c supply for image converter, 316 
16-k¥ power supply far poctable infrared image 
converter, 294 
Z burglar alarm, 315 
shopped: inaut radiation thermometer for 100 to 
y Clinical thermometer for ear canal, 317 
detector-amplifier for secret modulated IR com- 
_ munication system, 319 
7 fire-alarm system using flame detector, 320 
gallium arsenide modulated light source for 
secret communication, 319 
J’, Passive intrusion alarm, 314 
fi photocell-bridge temperature sensor, 319 
phototransistor detector with amplifier, 318 
Portable heat locator for smoke-filled room, 315 
preamp for indium antimonide detectar cooled 
by liquid nitrogen, 316 
Preamp for lead sulfide detector, 319 
Pulse amplifier for Nipkow scanner, 315 
radiometer with 15-Hz nuvistor preamp, 317 
sawtooth time base generator for Nipkow- 
scanner camera, 318 
solid-state lamp driven by avalanche- 
/ transistor oscillator, 320 
thermal microscope for small areas, 314 
Instrumentation: 
ealten for widaband f-m tape recording, 388, 


Ps magnetic tape playback preamp, 390 
Instrumentation amplifier: 
bridge and window comparator for resistor 
grading, 124 
differential-input for d-c servo, 712 
Insulation, measuring Jeakage with infinite- 
7 impedance triode voltmeter, 397 
Integrated circuit: 
ASLT for [BM 360-91 computer, 321 
audio amolifier for car radio, 321 
CA3000 RCA video-type IC differential ampli- 
fier, 326 
€A3023 RCA wideband i-famplitier, 327 
CA3041 RCA tv sound f-f, 328 
©A3044 RCA ty color aft, 329 
dual opamp for Scott stereo preamp, 329 
alfminating emitter bypass with Miller-feedback 
biasing, 330 
Fairchild 2A709 opamp, 322 
fam tuning lamp drive, 323 
i-f amplifier and detector for car radio, 324 
LMI08 National super-beta opamp, 328 
MCI351P Motorola tv sound, 330 
MC153? Motorola opamp, 322 
/ MCI560 Motorola voltage regulator, 33! 
M1566 Motorala high-voltage regulator, 329 
MCI590 Motorola 150-MHz i-f amplifier, 331 
w MCI595 Motorola linear multiplier, 330 
MC938F Motorola decade counter, 325 
a measurement of thermal feedback, 324, 324 
MiCol0l Mallory audio-video preamp, 331 
MIC020! Mallory audio driver, 322 
MSP.24 Sylvania computer sense amplifier, 328 
PA7601 Philco-Ford 70-MHz i-f amplifier, 326 
salf-ascillating mixer with age for car radia, 323 
SL70I Plessey high-gain d-c amplifier, 325 


Integrated circuit (Cont.): 
7 TAA24] Philips difference amplifier, 327 
Wa TAA293 Philips general-purpose amplitier, 325 
c TAA300 Amperex |-W audia amplifier, 327 
TAA300 Philips audio amplifier, 328 
TAA435 Philips a-f driver, 323 
integrator: 
0.004-Hz sine-square-triangular generator, 895 
100-kHz voltage-controlled square-wave gen- 
erator, 920 
0—! MHz using discrete opamp, 495 
analog opamp with reset-compute-hold modes, 


analog with hold-made capability, 519 
audio tone analyzer for phase-modulated 
carrier, 235 
chopper-stabilized opamp for analog com- 
puter, 107 
4 clearing circuit, 502 
(7 converting pulse width to valtage, 206 
difference amplifier, 516 
electronic multiplier for age in }0-S00 Hz 
oscillator, 57 
high-speed IC with sample-and-hold, 692 
IC for measurement and digital readout of 
magnetic flux, 395 
IC in modulation envelope peak detector, 935 
IC opamp with d-c feedback, 519 
laser cloud height radar, 365 
measuring total light energy, 247 
Miller in high-accuracy timer, 866 
opamp with electronic reset, 503 
opamp with limiter and resetter, 519 
R-C for second-order compensatlon of sawtooth 
Sinearity, 697 
subaudio signal generator, 536 
switched analag, 690 
switched with reset and compute modes, 691 
(Integrator reset switch, dual-fet, 371 
Intercom: 
0.15-W with speaker as mike, 48 
remote gain control, 44 
switchless two-station with privacy, 27 
two-station battery-operated, 29 
Interface, adjustable valtage-level shifter, 377 
Interference, minimizing with zero-voltage 
switching, 949 
Interference suppression, scr's in switched 
inductive loads, 492 
_Interlace, Improved with delay-tine syne separator 
for ty monitor, 785 
Intermediate-frequency amplifier: 
50-kHz, 312 
200-kHz variable-bandwidth ftlter for pulsed 
sonar, 909 
455-kHz, 312 . 
455-kHz using two IC video amplifiers, 312 
455-kHz with ceramic transfilter, 309 
{-MHz IC transistor array, 310 
5-MHz JC b-w fy, 779, 789 
5-MHz sound i-f for portable color tv, 807 
Hz inductoriless, 281 


Le 


3 
. 
uslng two IC video amplifiers, 31! 
Zz, 
1 cascode f-m IC, 280, 281 
z f-m (C, 267 
ztwo-lC strip, 280, 284, 285, 285 
z with twa IC's, 31] 
ain-controlied a-m t-f, 309 
Nmiting, 310 
z IC with 50 dB power gain, 310 
Hz tetrade fet with 40-dB age range, 309 
45-MHHz with IC's for bridge network, 308 
60-MHz four-stage IC, 313 
60-MHz IC with 8.4-MHz bandwidth, 309 
70-MHz IG, 326 
ceramic filter replaces transformers, 313 
double-conversion f-m, 279 
erysta) in CB transcelver, 875 
gain-boosting |C for sw receiver, 636 
Heath f-m with IC's and crystal filters, 308 
hi-fi fem with |C's, 633 
IC as envelope detactor, 637, 637 
IC as suppressed-carrier product detector, 636 
{C chip with detector for car radio, 324 
hacoitic for tv sound, 797 
single stage with fem tuner, 286 
tester for distributed-parameter phase-shift 
runing network, 847 
two ceramic filters, 312 
(See also Recelver; Transceiver; Transmitter) 
Interpolator, diamond gate bridge in Paramatrix 
photo-digital converter, 89 
Interval screamer, siren with concealed turnoff 
switch, 306 
Intrusion alarm: 
passive using infrared detector, 314 
/ pulsed-light, 1, 4 
(See g/so Alarm; Burglor alarm) 
Inverter: 3 
7 400-—30,000 Hz 500-W driven by pulse generator, 
910 
7 400—30,000 Hz using single ser, 91 
800-kHz in portable ultraviolet light source, 346 
aw fluorescent lamp, 334 
oO |-kW stand-by for a-c fine failure, 336 
of 1B-kW 190-V dec to 220-¥ 400-H4z, 603 
7 \/6th-hp induction-motor speed control, 456 
we —12 V from +12 V without transformer, 333 
IV d-c to {0 V a-c with reed switches, 342 
2.¥ d-c to 35 V at | kHz and 80 W, 342 
e/32-N dec 22-W automotive, 341 
12-V d-c to 20 V at | kHz and 50 W, 334 
v7 2 dec to 68 Hz driving brushless d-c fan 
motor, 447 
ZV d-c to 115 V a-c at 400 Hz, 140 
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Inverter (Cont.}: 
12-¥ d-c to 115 V at 400 Hz for mobile 10-W 
load, 338 
Le 2 dec $o $20.4 at 66 Hz and 180 W, 336 
J12-V d-c to 120 ¥ at 400 Hz and 40 W, 342 
AAIN doc to 120 ¥ at 400 Hz and 400 W, 338 
3 -V d-c to 280 V dec at 16 kHz, 141 
-V d-c to 375-V d-c, 72 
for fluorescent lamp, 345 
-c fo }i5V as 400 Hz and 200 W, 340 
to 20 kV a-c for arc lamp, 297 
to 12-V a-¢ at 465 Hz and 60 W, 339 
12 V at 400 Hz and 40 W, 338 
~¥ 400-Hz square-wave 150-W, 337 
at 15 kHz and 100 W, 340 
V at 400 Hz, 343 
V at 580 Hz and 2 kW, 332 
~Hz 2-phase 50-W, 335 
20 V at 60 Hz and 100 W, 334 
-rtz to 120 V at 15 kHz and 200 W, 337 
to 250 V at 1,200 Hz and | kW, 341 
d-c to 10 kHz at 500 W, 333 
dec to 120-V a-¢, 342 
15-¥ d-c to 120 V at 400 Hz and 800 W, 341 
analysis of performance with NET-! computer 
Program, 510 
bridge-type in 4-Hz square-wave generator, 728 
current-I[miting feedback protects satellite 
battery, 598 
flip-flop trigger circuit for ser's, 90) 
four-pulse sequence generator, 739 
gate trigger-pulse generator for push-pull 
inverting, 339 
IC in monostable mvbr, 727 
improved Jensen with 90% efficiency at 20 kHz 
and | kW, 332 
inexpensive two-transistor operational, 513 
interference-free using sine-wave oscillator, 488 
modified Darlington with low dissipation, 340 
overcurrent protection for thyristor bridge, 403, 
ab Strobe, 249 
portable strobe, 
echmitt current-mode trigger, 906 
sllicon-transistor for electronic auto Ignition, 73 
speed contral for 3-phase induction motor, 439 
squaring, 343 
threshold-logic with weighted Inputs, 376 
trigger circuit for I-kW, 336 
two-stage as summing amplifier, 512 
aliemybe driving synchronous motor trom 12 V 
*C, 
(See also Converter) 
Inverting amplifier: 
C opamp with galn of 10, 517 
IC opamp with gain of 50, 517 
1C opamp with gain of 100, 517 
lonization gage limiter, neon, él 
-* Isalation, triae power control, 746 
slsolator: 
diode in combination lamp and relay driver, 
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Photoelectric for relay, 530 


Japanese pcm telephone: 
comparator with AND gate, 774 
VpPulse shaper, 771, 771 — 
prnsen inverter, 20-kHz with 90% efficiency at 
1 kW, 332 
Jitter, immunity in. uf 


+ frequency divider, 267 
d-K binary IC, seria 


entry left-right shift register, 


717 
JK flip-flop, IC for analog current summing, 165 
Johnson decade counter: 
fast flip-flop, 262 
sequential switching of staircase generator, 751 


Keyboard, electronic for generating ASCII code, 
2 


Key click suppression, audio tone switching, 118 
Keyed oselllator, 160-Hz twin-T at i Pes 532 
Keyed triode, calor ty pulse high-voltage 
regulator, 810 
Keyer: 
audio frequency shift for radioteletype, 120 
automatic Morse-code, 118 
electronic paddle-operated, 120 
pushbutton-operated alphanumeric Morse code, 


touch-sensitive electronic Morse code, I19 
yoice-operated, 410 
Keying relay, electromyograph ampliffer drive for 
amputee, 408 
Key-shift effect, twin-T music oscillator, 226 


{badder network: 
4-bit digital-analog converter, 205 
converting binary to a-c, 711 
TTL gates in d-a converter, 207 
Ladder switch: 
~~ 10 V reference, 207 
4-¥ positive or negative reference, 206 
+10 V reference, 207 
analog-digital converter, 744 
positive or negative lagic, 206 
Lamp: 
60-W photoelectric control, 526 
2-s turn-off delay, 861 
comparing color temperature with standard 
lamp in two-phatocell bridge, 125 
current tester, 849 
diac-triac full-wave phase control, 549 
driven simultaneously with relay by single 
transistor, 674 


968 


Lamp (Cont): 


dual R-C phase-controlled bilateral ser dimmer, 
133 


gallium arsenide in 108-MHz r-f modulator, 528 
music-controlled for color organ, 22 

neon failure indicator, 608, 609 

neon on-off remote status indicator, 684 
pholocell-controlied monitor with tone output, 


58) 

scr driver for 24-V display, 212 

solid-state using two-fransistor modulator, 527 

solid-state with blocking-oscillator drive, 527 
Lamp bridge, I-¥ a-c regulated power supply, 85 
Lamp control: 

2-A light-operated swifch, 565 

7 triacs for banks of lights, 344 
25--100% tor three-phase supply, 552 
I5-W sunset to sunrise, 347 


an laser dimmer, 583 


100-W scr cing counter, 168 


150-W projection in 100-¥ rms valtage regulator, 
530 


ON dimmer, 452 
240-W flasher, 252 


500-0 10-min turn-on and turn-off delay, 869 


500-W triac with remote bell-wire switch, 686 
7” SE0-W ser a-c chaser for advertising signs, 348 
7800-W dimmer, 445 

600-W photoelectric darkness switch, 346 

600-W scr-triac a-c chaser for advertising signs, 


349 
77860-W from half to full power, 344 
U7l-kW daylight-off a-c flasher, 253 
3-kW antiparallel-thyristor with startup surge 
limiter, 346 
0.0160 s turn-off delay, 869 
” 5-300 s delay timer, 853 
I-V audio input to scr and triac, 348 
{2-¥ operation of fluorescent, 345 
basic triac using ses, 448 
Darlington latching touch switch, 347 
Darlington momentary-action touch switch, 347 
Darlington single-button on-off touch, 349 
d-c/d-c converter for ultraviolet light, 346 
Elco Model 3440 color organ, 221 
emergency power-failure, 348 
flash-actuated variable turn-off lascr, 757 


optically programmed laser with ujt preheat, 345 
p 


jotoelectric servo, 590 
power-interruption indicator, 4,5 _ 
preheater for repetitive programming, 345 
pulser for solid-state lamp, 347 
ramp-and-pedestal proportional scr, 575 
redundant pairs in continuity indicator, 125 
renee display using minimum number of lines, 


v7 scr for 12-V emergency battery-operated light- 


ing, 347 
signal-powered d-c voltage sensor, 746 


) ict stale lamp for pulsed-light communication, 


three-mode on-off-blinking display, 214 
triac rfi suppression with series chokes, 491 
triggered light source for nonexplosive target 


gun, 348 
yoltage-regulating, 663 — 
xenon and krypton arc discharge for c-w pump- 


ing, .2% 

(See also Flash; Flasher; Fluorescent entries; 
Illumination control; Lamp dimmer; Photo- 
electric) 

Lamp dimmer: 
a 30,000 Hz single-scr Inverter supply far 
fluarescents, 914 

50-W half-wave phase control, 548 

240-W scr full-wave, 354 

240-W single-scr, 452 

500-W dual-ser, 350 

500-W time-dependent, 360 

OW a-c full-wave triac, 358 

600-W diac-triac with damped r-f filter, 358 

600-W dual-ser, 445 

600-W Iimited-range full-wave scr, 352 

400-W limited-range full-wave tridc, 358 

<°500-W photacell-controlled, 354 
7 600-W triac-diac, 357 
0-W triac with double time constant, 356 
B00 Melac with low minimum brightness, 356, 


35 
7 200-W triac with single time canstant, 356 
700-W full-wave triac, 353 
800-W soft-start triac, 350 
800-W triac, 351 
|,000-W ser control, 35? 
3-kW antiparaflel-thyristor with startup surge 
limiter, 346 
3-kW scs-controfled triac, 353 
adjustable-time for bachelor light, 35! 
bilateral ser phase-controlied, 133 
conter-tapped control for full brilliance range, 


crossfader for two slide projectors, 352 
flickerless neon-scr, 358 

awe fluorescent rapid-start, 352 
fluorescent with scr in bridge, 357 
tull-waye 500-W diac-triac, 354 
full-wave bridge for full brilliance range, 354 
half-wave, 351 
half-wave scr, 359 
high-intensity low-valtage desk lamp, 357 
hysteresis-free sbs-triac phase control, 352 
limited-range photoelectric scr, 359 
low-hysteresis diac-triggered thyristor, 358 
neon-ser, 360 r 
phase control with line-voltage clamping, 355 
photocell-contralled ser, 358 


Lamp dimmer {Cant.): 
reduced-hysteresis diac-triac, 359 
sbs-triac dimmer for |2-V_a-c lamp, 357 
suppression of rfi with L-C filter for triac, 241 
theatrical with presets and crosstader, 355 
triac with rfi suppression, 241 
two-ser for full brilliance range, 353 

Lamp driver, ser, 749 

Lamp flasher (see Flasher) 

Laser: 
|,600-V d-c automatic-start power supply, 362 
|,600-¥ d-c manual-start power supply, 363 
cloud height radar integrator, 364, 365 

7 cloud height radar ramp-triggered pulse- 

former, 361 

cloud-height radar time-pulse expander, 361 
conttoliing time interval between firing pulses, 


3 
diode pulser, 362 
-Krytron pulse generator for injection, 345 
low-power for home and school experimenta- 
tion, 364 
optical pumping with annular xenon flashtube, 


optical pumping with water-cooled xenon 
flashtube, 244 
photocoagulatar monitor of pulsed beam energy 
entering aye, 344 
series injection trigger for pumping, 365 
Latch: 
w5-A solenoid load, 366 
vb trlac, 367 
240-W cooling-fan control, 82t 
240-W light-operated turn-on switch, 566, 573 
- 240-W temperature control, 823 
00-W for combination heating and cooling 
control, 822 
wm 600-W light-operated on-off switch, 564 
{,200-W triac a-c with delay, 855 
28-V d-c scr with momentary-closing trigger 
switch, 367 
28-V d-c scr with momentary-opentng trigger 
switch, 366 
a-c trlac power switch, 367 
wer basic triac, 369 
qvdiac-triac with 60-s delay, 366 
dual-gate [C, 370 
~nagnetic-core readout, 369 
neon for relay, 368 
neon-memory switch as ynattended-station call 
rae indicator, 367 
planar pnpn switch for driving neons, 213 
planar pnpn switch for driving Nixie ring 
counter, 174 
programmable ujt with 60-s delay, 366 
pulse-controlied relay 675 
atremote-control scr, 368 
" ser capacitance control, 9t 
ser high-power, 263 
ser with commutating capacitor, 369 
triac, 368 
trlac-IC with reliability at low pawer, 742 
wm triac motor-starting, 368 
triac with adjustable delay, 368 
triac with ramp and pedestal phase control for 
inductive loads, 550 
triac with two-tone resonant reed relay for load 
contral, 36 
ujt tn 800-F temperature control using thermo- 
couple, 823 
voltage level detector, 930 
Latching diode, |00-W stereo amplifier, 39 
Latching relay, alternating of contacts with posi- 
tive pulses, 675 > 
Latching-relay cirevit, reed relay controls lockup 
time, 676 


- Lenkegercurrent tester, 5-mA neon for appliances, 


Leakage tester, capacitor neon, 843 


7 (ease-breaker, whoop-whoop siren, 30f 


Level control, photoscr for bin, 137 + 

Level detector: 
45-MHz Hartley oscillator for Ifquids, 91 

wr 0.7-¥ using lamp on probe, 936 

capacitance-type for liquid level in tank, 70 
diode leakage current drift measurement, 850 
synchronizing speed of two electric motors, 443 
{See also Voltage level detector) 

Level indicator: 
photoelectric colarless liquid, 572 
storage-bin photoelectric, 580 

Level shift, differential voltage comparator, 766 

beve shifter, unbalanced to balanced logic, 375 
ight: 
emergency battery-operated for a-c line failure, 

8 


measuring Intensity and total energy, 247 
(See also illumination control; Lamp control; 
Lamp dimmer; Photoelectric) 
Light-beam communication, modulator for solid- 
state lamp, 527 
Light-beam modulator, solid-state lamp in r-f 
modulator, 528 
Light control {see Lamp contral; Lamp dimmer) 
Light display, color organ for hi-ff sound, 221 
Light meter: 
high-sensitivity for night pictures, 587 
Hnear phototransistor, 405 
Light pulse, duration measurement, 247 
Light sensor (see Photoelectric control) 
Light target, photocell-actuated flash, 244 
Light trigger: 
loscr-ujt one-shot, 246 
xenon flashtube for lascr, 257 
Limiter: 
500-kHz two-stage IC, 916 


Limiter (Cont.): | 

12-MHz -m i-f using three cascaded iC r-f 
amplifiers, 310 

28-MHz two-stage IC, 918 

amplitude and rate of change for wideband f-m 
tape recording, 388 

bidirectional signal clipper, 622 

constant output for 50-dB input change, 60 

controllable impedance for protecting series 
regulator, 59 

current with short-circuit protection, 592 

differential-amplifier for opamp, 501 

diode for wideband f-m tape recording with 
reduced dissipation, 388 

algetronically variable for opamp, 519 

emitter-coupled in sine-square converter, 149 

opamp with zener bridge in feedback network, 


Raysistor-amplifier for stereo tape recording 
channel}, 389 
self-compressing pulsed video amplifier, 917 
po tarting-current surge of incandescent lamp, 605 
two-zener spike-clipping, 406 
voltage for ionization gage using neon, 41! 
wideband audio using IC opamp, 52 
Line, noise suppression with IC opamp, 48? 
Linearlty, measurement in color difference ampli- 
fier, 803 
Linear position indicator, photoelectric, 578 
Line compensation, positive feedback in 
regulator, 660 
Line driver: 
clock pulses for 34 mos shift registers, [16 
low-dissipation for spaceship memory, 372 
video amplifier, 917 
video amplifier using single module, 917 
aline printer, dual-ser drive for print hammer 
solenoid, 617 
Line voltage control, wide-range a-c, 699 
Liquid detector, photoelectric colorless, 572 
Liguid level, capacitance-sensed in tank, 90 
Liquid level control, two-probe sensing control, 


Uauid level detector, 45-MHz Hartley oscillator, 


Load, active for Miller sweep, 706 
peas control, adjustable-duration ser-ujt, 749 
ock: 
S. combination using magnetic reed switches, 307 
electronic using Hartley oscillator, 686 
Ze rultiple-switch electric combination, 307 
Logarithm: 
current ratio, 508, 509 
voltage or current, 502 
voltage or current ratia, 501 
Logarithmic amplifier: 
45-MHz IC for detector of bridge, 308 
66-dB range at | kHz, 510 
IC opamp, 500 
IC opamp with feedback transistor for instru- 
mentation data, 495 
polar temperature-compensated, 514 
silicon diode with opamp, 520 
strip chart recorder drive, 763 
wide-range opamp, 499 
Logarithmic converter: 
audio spectrum to d-c, 508 
diode bias supply, 150 
ogic: 
3-bit adder, 371 
2—10,000 Hz programmable clock, If1 
0,7-V level detector using lamp on probe, 936 
4.5-¥ regulator at 100 mA, 668 
5-¥ high-current regulator, 661 
adjustable-hysteresis interface, 377 
automatic Morse-code keyer, ile 
bistable lamp driver for flip-flop, 209 
chatterless |C switching of clock generator 
Pulses, 379 
clamped load for flip-flop of d-a converter, 207 
complementary-output adder-subtractor, 376 
constant-valtage sink, 380 
converting negative to positive, 380 
convarting NOR to mvbr operation, 372 
converting to tv video standards, 379 
core driver, 374 
differential buffer amplifier for differential mul- 
tiplexer, 515 
digital control of 20-A load, 373 
digital interface, 373 
driver for memory write, 370 
DTL-compatible driver for Nixie or neon, 218 
dual-fet switch with drivers, 371 
dual-gate IC threshold detector, 370 
encoder output voltage comparator, 127 
exclusive OR, 373, 377 pare 
exclusive-OR using diode bridge and switching 
transistor, 86 
exclusive-OR with fewer components, 372 ‘ 
fast-switching inverter with high noise immunity, 


im 
Z 
fe 


NN 


76 

four-gate flip-flop, 378 F 

gate diodes switch neons of decimal readout, 
216 


high-level analog switch, 208 oa 

iC comparator as d-c transformer providing 
isolation, 126 er 

IC for automatic range switching of voltage 
comparator, 928 

(C output amplifier, 380, 380 fess 

IC voltage comparator for magnetic pickup, 
23 


input signal detector for digital network, 197 
level converter for digital data, 373 
low-dissipation memory driver, 372 

low-level for driving 110-¥ lamp, 378 


y 


Logic (Cont.): 

manual switching of flip-flop without contact 
bounce, 244 

neon-memory switch in OR gate as failure 
alarm, 2 

NOR variations for different temperature ranges, 


7 


odd-numbered pulse separator, 755 
optical driver for static switch, 376, 380, 380, 380 
Protecting IC from negative input overdrive, 379 
pulse stretcher combined with NOR gate, 375 
pulse train phase comparator, 122 
”, readout display lamp, 220 
of RTL for low-cost digital instrumentation, 378 
synchronizing speed of two electric motors, 442 
7 three-input AND gate neon, 377, 379 
Be three-input MAJORITY gate neon, 372 
bs three-input OR gate neon, 374 
~~ transistor couples npn IC to discrete pnp tran- 
_ Sistors, 375 
trigger generator using three NOR gates, 900 
tripling NAND gate inputs, 375 
ujt-scr one-shot pulse generator, 730 
unbalanced to balanced level shifter, 375 
visual checkout at 2 Hz, 840 
word-line driver, 376 
{See also Computer; Elip-flop; Gate; Trigger} 
Logic circuit tester, combination astable-mono 
mybr, 466 
Logic level, two-lamp indicator, 378 ’ 
Logic level shifter, [8-V range three-transistor, 377 
Long long-tai! pair, differential amplifier with 
improved rejection, |5 
Luxmeter: 
Mabesencitivity photometer using photomultiplier, 


” 


linear phototransistor, 405 


Magnet, permanent in contactless trigger for 
electronic ignition, 77 
Magnetic brake, jerk-eliminating control, 136 
Magnetic cartridge: 
adding transistor to tube preamp to boost gain, 


7 


phono preamp, 561 
RIAA preamplifier, 559 
Magnetic clutch, jerk-eliminating control, 136 
7 Magnetic combination lock, reed switches, 307 
Magnetic-core readout, scs for driving high-level 
load, 369 
Magnetic firing, scr in high-power pulse genera- 
a or, 
: J Magnetic flux, measurement and digital readout, 
395 


Magnetic measurement, Hall probe field control, 


Magnetic phono, IC preamp, 24 
Magnetic phono cartridge, IC preamp, 562 
Magnetic pickup: 
breakerless ignition, 73 
1C voltage comparator, 123 
Magnetic receiver, 15-kHz for remote control of 
garage door, 684 
Magnetic resonance, current-limiting in zener- 
bridge power supply, 653 
Magnetic tape: bs 
70-kHz erase and bias oscillator, 382 
age for recording, 38} 
audijo-actuated relay for recorder, 56 
automatic reversal of recorder, 386 
7 automatic switch for telephone recorder, 773 
compensated IC preamp for playback head, 
digital control of preamp gain, 383 
IC preamp for playback head, 390 
iC preamp with 500 gain for head, 384 
line amplifier with mixer, 389 
low-frequency f-m modulator, 383 
monavral cassette-recorder playback, 387 
NAB equatization for |C opamp, 384 
preamp with 90 dB gain, 387 
preamp with optoelectronic remote gain 
control, 38 
projector-controlling tone commands, 684 
pulse peak detector, 385 
pulse-regenerating mvbr, 383 
rate-of-change limiter, 388, 388 
stereo amplifier, 382 
stereo peak limiter, 389 
stereo playback preamp, 390 
stereo preamp, 384 
(See ofso Audio; Recorder; Tape playback; 
Tape recorder} 
Magnetic tape recorder: 
aw four-speed with three inputs, 385 
3 and 9 V supply for testing batteries, 386 
age for recording-head current, 390 
bias oscillator, 391 
common bias-erase oscillator for stereo, 391 
IC record-playback preamp, 386 
locked bias-erase oscillators for stereo, 391 
recording level indicator for stereo, 384 
tone-controlled scr, 384 
Magnetic transmitter, |5-kHz for remote control of 
garage door, 684 
Magnetometer calibration, 85-mA constant-current 
source, 180 
Marine radio: 
156-174 MHz f-m multiplier-amplifier for 
transmitter, 883 
156-174 MHz f-m power amplifier, 888 , 
Marker beacon, digital JC filter for coded audio, 
9 


7 


7 


Matching resistors, window comparater with 
bridge, 124 


Matrix: 
color difference amplifier, 814 
neon X-Y, 212 
Matric amplifier, all-transistor color tv receiver, 


Matrix character generator, numerical using 
figure-8 bars, 213 
Matzixing, color tv by demodulation transformer, 


Measurement: 
100 femtoamperes with fet electrometer 
amplifier, 399 
0.1 pA d-c with electrometer, 404 
7 0-500 V dee meterless aural voltmeter, 397 
1¥ d-c at high impedance with vtvm adapter 
for multimeter, 394 
10-k¥ electrostatic voltmeter, 398 
ammeter automatic reversal, 405 
amplifier loop gain with wave analyzer, 394 
attic temperature with alarm, 4 
audio distortion, 394 
breaker-point dwell angle with ohmmefer, 67 
b-w ty video amplifier linearity, 784 
cable insulation with infinite-impedance volt- 
meter, 397 
capacitance by resonance effect, 844 
wecontinuity with aural tester, 838, 845 
foe yolt-ammeter construction, 399 
d-c voltmeter using transistors, 398 
“dec voltmeter with movable range, 392 
differential microammeter amplifier, 403 
adigital voltmeter, 397, 402 
direct current at 90 mA full-scale, 400 
displacements with sliding-operture photoelectric 
systern, 40], 404 : 
earth conductivity with high-power pulse gen- 
erator, 728 
electrometer amplifier for 0.1 pA, 406 
extending range of d-c microammeter, 404 
field strength, 401, 401, 405 
filter cutoff with vco and {C's, 239 
frequency with grid dip meter, 276 
galvanometer amplifier, 400 
generator speed in proximity fuze, 759 
Hall probe field control, 402 
hold clrevit for short-duration value, 691 
iflumination comparator, 406 
instantaneous motor output power with speed- 
torque multiplier, 762 
amp current, 84' 
ascr tachometer with automatic range change, 


762 

ight energy of flash, 392 

ight intensity, 392, 587 

ight intensity and total light energy, 247 

ight intensity with five-range photometer, 586 

ight pulse duration, 247 

inearity in color difference amplifier, 803 

Sinear light meter, 405 ; 

load current without interrupting circuit, 400 

ow-level signals with Q multiplier, 408 

ow shaft speeds with high-gain tachometer 
amplifier, 762 

ux levels from 0.001 to 10, 588 

magnetic flux, 395 . ° 

microvolts with noninverting chopper-stabilized 
opamp, 109 

millivolt signals to 800 kHz, 393, 394 


oa Z Tultimeter using transistors, 401 


nA current detector, 183 P 
noise in radiometer with gas-tube noise source, 
4 


optical density with photometer, 403 
percent modulation with crt, 403 . 
phase at 100 Mhz with unbalanced bridge, 85 
7 picoammeter for battery operation, 395 
plasma density with agc amplifier, 41 
radiation storage time of transistor, 626 
radiation switching time of scr, 625 
recording level in stereo tape recorder, 384 
r-f breakdown voltage of transistor, 839, 938 
reflection coefficient with photometer, 588 
speed of permanent-magnet motor, 757 
A strain-gage amplifier, 398 
strain with differential Pitran piezoelectric tran- 
_sistors, 40} F 
strain with Pitran piezoelectric transistor, 393 
switch response time with IC flip-flops, 399 
temperature with thermistor bridge, 88 
transducer zero error Compensation, 405 
transmission density with photometer, 588 
voltage peaks, 406 
voltage spikes, 393 
voltmeter driver for signals up to | MHz, 401 
voltmeter-reversing bridge, 405 
volt-ohm-milliammeter, 401 
Opin using transistors, 403, 405 
# viv with drift balancing, 396 
(See also Counter; Frequency measurement; 
Meter; Photography; Pulse height analyzer; 
Radiation sampling; Telemetry; Tester; 
Timer; Voltage measurement) 
Medical: 
7 6-14 Hz alpha-rhythm strobe, 245 
200~9,000 Hz 1C hearing aid, 25 
71730 s sweep for cardiac monitor, 411 
bioelectric probe amplifier, 408 
a 


4 


cardiac pacemaker, 407 ; 
constant-current pulse generator for neurophysi- 
ological testing, 413 
converting ultrasonic cardiac echoes to square- 
wave pulses for strip-chart recorder, 407. 
Soe for heart beats and uterine contractions, 
410 


electromyograph amplifier controlling servo, 
408 
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Medical (Cont.): ; : 

electromyograph amplifier driving transmitter 
keying relay, 408 

electronic differential thermometer, 413 

yrator as vif active filter, 41] 

€ hearing aid, 38, 41, 42, 42, 44 . 

implant subcarrier transmitter for monitoring 
intestinal strain, 767 

infrared camera scanner for cancer detection, 


“ 
“ 
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infrared clinical thermometer for measuring ear 
canal temperature, 317 

isolation amplifier, 70? 

laser series injection trigger, 345 

level detector for analyzing electroencephalo- 
grams, 40% 

lighf probe for blind, 411 

low-frequency impedance plethysmograph, 412 

low-noise electrometer amplifier for nerve 
impulses, 412 

metal detector as substitute for x-rays, 422 

monitoring energy of laser photocoagulator, 344 

monitoring rectat temperatures with thermistor 
bridge, 414 

muscle signal simulator, 409 

pulse generator for biological research, 4/4 

pulsed Hartley temperature biotelemeter for 
Nzards, 766 

skin stimulator for communication, 41t 

suppressing 60-Hz pickup in cardiac pacemaker, 


voica-operated keyer, 410 

Memory: > 
flip-flop for protection against power failure, 262 
high-speed read amplifier for thin-film, 7, | 
modified Eccles-Jordon with five stable states, 


MES for numertcal indicator bank, 210 
solenaid-coupled read-only, 10 
7 temporary high-speed switching for pcm teleph- 
ony, 77 
Memory Vere: single-dial attenuator for multiple 
tes! pulse sources, 614 
Memory switch: 
d-c amplifier coupling, 190 
neon in OR gate as fallure alarm, 2 
neon in X-¥ matrix, 2/2 
neon unattended-station call indicator, 347 
Marcury cell, replacement with low-cost 2.7-¥ 
regulated supply, 654 
Mercury thermostat, 100-W heater control with scr/ 
diode bridge, 836 
Metal detector; 
180-kHz receiver, 419 7 
(80-kHz tone-madulated transmitter, 418 
or 455-kKHz IC receiver, 416 
455-kHz IC transmitter, 416 
7 brass nails concealed in boat hull, 422 
four-transistor ferrous and nonferrous, 422 
high-sensitivity for locating coins, 417 
nonmagnetic screws in wood deck of ship, 420 
portable transmitter-recelver, 421 
production-line counter using unstable Hartley 
oscillator, 421 
radio proximity fuze, 415, 415, 417, 420, 421 
single-search cofl audio beat note for buried 
coins, 418 
three-coll a-f induction brid 2, 419 
three-transistor for buried objects, 420 
underwater transmitter feeding transistor radio 
in boat, 418 
Meter: 
current range protection with diodes, 608, 609 
displaying potentiometer position, 218 
high-sensitivity photographic exposure, 587 
photoelectric angular or linear position indi- 
cator, 578 
protection with fet and zener, 610 
protection with shunt rectifiers, 606 
protection with zener, 606 
shunt switching for current ranges, 399 
three-range automatic scale changer, 931 
Metronome: 
7140-W flasher, 255 
adjustable electronic, 224 
line-powered, 228 
scr with latching relay, 256 
Microammeter: 
balanced chopper amplifier, 105 
differential amplifier with degenerative biasing, 
403 
extending range with d-c amplifier, 404 
rotection with !8-¥ zener, 606 
Micromodule (See Integrated circuit) 
Microphone: ' 
adjustable-gain amplifier, 36 
a-m wireless transmitter, B84 
exclusive OR gates for remote control from 
many locations, 485 
f-m wireless transmitter, 886 
1C preamp, 24 
wireless a-mn, B87 
wireless carbon, 889 
Microphone preamplifier, fet crystal or ceramic, 


a 


“ 


Mlcropower, flip-flop with pulsed power made, 
64 


Micropower amplifier, 130,000 Hz tetrode fet, 10 

Microscope, infrared thermal for measuring small 
areas, 314 

icrovottmeter, balanced chopper amplifier, 105 

iler-feedback biasing, eliminates bypass capaci- 
tor in IC, 330 

iller integrator, high-accuracy timer, 866 

iller oscillator, §12-kHz fet, 543 

Millivoltmeter: 
00-kIHz preamp, 393 
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Milllivoltmeter (Cont.): 
800-kHz using rectifier bridge, 394 
Mining geophysics, measuring earth conductivity 
with high-power pulses, 728 
Mixer: 
30-MHz for double-conversion f-m superhet, 
546 


Motor control (Coat.): 
4 5-A series-wound universal, 445 
5-A universal, 450 
1 &A with ser, 359 
20-A using 5-layer switching transistor, 451 
400-Hz 2-phase synchronous from 28 Y d-¢ 
inverter, 335 
[5-kHz magnetic garage-door opener, 684 
70-deg-range phase shifter, 547 
50-W half-wave ujt phase control, 548 
100-W d-c motor with bridge amplifier, 625 
240-W universal 853 
500-W dval-ser universal, 350 
500-W full-wave, 354 
600-W a-c full-wave triac, 358 
600-W extended-range diac-iriac, 433 
600-W full-wave scr for fans, 352 
400-W full-wave triac for fans, 358 
600-W refined ramp-and-pedestal, 435 
600-W universal a-c/dec triac, 446 
1-kW eee with ac static switch and rectifler, 


88-108 MHz tuner using dual-gate mosfet, 284 

audio recording, 389 

balanced-bridge in panoramic-receiver oscil- 
lator, 923 

f-m juner, 283, 285 

four-Input audio fet, 51 

four-input audio IC, 52 

pentode for radar binary frequency generator, 
148 


self-ascillating IC with age for car radio, 323 
single-voice electronic organ, 229 
two-input audio, 50 
unity-gain for up to 20 audio channels, 52 
(See also Converter, radio) 
Model train: 
12-V d-c ser speed control, 308 
electronic whistle, 533 
scr speed contro!, 304 
scr control with variable-width pulses, 303 
vaice-operated control, 304 
Modem: 
1.22.4 kHz demodulator for digital data, 773 


“a 


4.5-kW squirrel-cage fan motor, 43] 
Uothchp inverter-driven single-phase induction, 


Ya-hp shunt-wound d-c motor on a-c supply, 443 

5-hp dec shunt on a-c line with armature-voltage 
speed control, 439 

5-hp d-c shunt on a-c line with tachometer speed 


1.22.4 kHz modulator for digital data, 427 sensor, 758 2 
Modulation, double-sideband for {!-meter CB, 884 5-hp dee shunt with slmplified armature-voltage 
Modulation percent, I-Inch ert indicator, 403 sensor, 450 


Modulator: : 
10 Hz—1 MHz transformartass ring using opamps, 


426 
0-500 kHz square-wave, 423 
1,2-2.4 kHz for digital data, 427 
5-kHz for a-m system study, 54] 
40-kHz IC multiplier, 425 
I-MHz a-m IC, 429 
27-MHz CB, 880 
60-MHz phase using two IC video amplifiers, 
8 


42 
100-MHz light-beam using SSL, 528 
60-5 delay timer for warm-up, 880 
100% amplitude with two transistors, 423 
amplitude using IC linear multiplier, 427 
a-m without carrier suppression, 423 
balanced four-diode symmetrical bridge, 430 
balanced suppressed-carrler using IC linear 
multiplier, 425 . 
balanced with 54-d8 carrier suppression, 424 
booster for amateur radio transmitter, 34 
charging-current-controlled mvbr, 467 
chopping for low-level d-c signals, 106 
double-sideband balanced masfet, 426 
double-sideband mosfet r-f switch with crystal 
oscillator, 429 
double-sideband suppressed-carrier IC, 428 
fet amplitude, 290 
fem for process sync, 412 
fem for telemetry of nerve blopotentials, 745 
f-m using varactor diode, 283 
fem with mike in oscillator supply lead, 286 
four-dlode ring, 424 
IC multiplier for a-m, 426 
Krytron for microwave radar tube, 429 
low-frequency f-m for tape recording, 383 
low-level d-c signal using mvbr-driven chopper, 


12-V d-c for model trains and race cars, 306 

i2-V inverter for cooling fan, 447 

12-V reversible d-c by solid-state lamps, 712 

15-V dec at 100 mA for p-m d-¢ motor, 454 

35-V perm d-c on a-c line, 44] 

120-¥ a-c shaded-pole up to 1.5 A, 157 

aytematic braking of slowed-down 3-phase 
motor, 446 


Vs reversing of antenna scan direction, 
a 


to windshield wiper repetition rate, 66 

balanced-bridge reversing servo drive for shunt. 
wound motor, 708 

basic triac using ses, 448 

battery-operated d-c motor, 438 

battery vehicle using Jones scr chopper, 433 

capacitive switching for brushless d-c or d-c 
motors, 448 

coaling fon for thyratron, 829 

cooling fan speed for constant temperature, 823 

compensated full-wave a-c for series-wound d-c 
motor, 442 

compensated half-wave a-c for series-wound. 
d-c motor, 489 

constont-torque d-c for tape drive, 433 

cutout for low battery voltage on electric car, 


dec high-gain stabilized differential amplifier, 


d-c two-speed reversible, 432, 432 

d-c with astable mvbr having adjustable duty 
cycle, 460 

diac-triac full-wave, 549 

diac-triac-thermistor for furnace blower, 830 

differential amplifier smooths starts and stops, 


uel ee phase-controfled bilateral scr speed, 


low-offset balanced chopper, 104 

Minitone selective-calling tone generator, 683 

pulse-duration with 20-kHz trigger rate, 430 

_-~Pulse frequency, 287 

pulse frequency by ratio of input voltages, 425 

pulse frequency-width for pneumatic valve con- 
trol, 428 

pulse-haight multiplying voltage by frequency, 
429 


electremyograph amplifier for tuning-knob servo, 


flash-actuated variable turn-off laser, 858 

four-speed d-c p-m washing-machine motor, 456 

full-wave a-c diac-triac for universal series 
motors, 457 

full-wave d-c with feedback, 445 

full-wave for shunt-wound d-c motor, 436 

full-wave reversing d-c on a-c line, 446 

full-wave scr for Veth-hp 120-¥ d-c motor, 437 

full-wave scr with line-voltage compensation 
for [20-V d-c shunt motor, 434 

full-wave ser without regulation, 453 

full-wave scr with regulation, 460 

eae scr with soft-start for 120-¥ d-c motor, 


pulse-width for 1C digital voltmeter, 402 
pulse width using analog comparator, 729 
pulse width using single-capacitor |C chip, 617 
pwm Schmitt for motor speed control, 756 
7" solid-state lamp, 527, 527 
suppressed-carrier using switched fet’s, 424 
transformertess 1C modem, 429 
varactor phase for [50-MHz vhf signal gen- 
erator, 424 
(See also Frequency modulation) 
ye Moisture detector, fet, 857 
Monitor: 
code keyer, (20 
c-w for grid-block keyed transceiver, 872 
dec line dropout, 3 
d-c voltage level, 937 
d-c yoltage with three lamp Indicators, 734 
defay-ltne sync separator for improved resolu. 
tion, 785 
load current without interrupting circuit, 400 
multiple voltage outputs of power supplies, 936 
power-interruption, 4, 5 
Monocycle multivibrator, 120-pps ujt, 479 
Morse code (see Code) 
Morfar shell fuze: 
7-132 proximity circuit, 420 


fullwave single-scr with isolated control circuit, 


full-wave unregulated scr with 5170 deg conduc- 
ton, 453 

half-wave for shynt-wound d-c motor, 444 

half-wave neen-triggared, 455 

half-wave scr combined with lamp control, 35? 

half-wave scr with regulation, 449 

half-wave scr with regulation and regenerative 
triggering, 441 

half-wave scr with two-transistor trigger, 447 

half-wave speed for (20-V d-c shunt motor, 435 

half-wave universal diac-triggered ser without 
feedback, 448 

half-wave universal series with scr, 458 

nelfewave universal with improved regulation, 


a“ 


half-wave with residual-field feedback, 464 
half-wave with residual-field feedback for low 


T-17! proximity circuit, 415 ,_ Speeds, 451 
T-172 proximity circuit, 415 high-performance for low speeds of universal 
Motor: . motor, 456 


incremental stepping drive, 612 


high-precision optical-feedback for !20-¥ dec 
seltmaaairement of speed with d-c voltmeter, 
5 


series motor, 438 
iC-transistor omplifier, 449 
IC-triac for psc fan motor, 83] 
induction with photoelectric feedback, 435 
fatching-triac a-c starter, 459 
latching triac motor-starting switch, 348 
miniature d-c motor with series negative re- 
sistance, 455 


suppressing turn-on and turn-off transients, 492 
Motor acceleration, clock-type timer circuit, 870 
Motor control: 

2-A series-wound universal, 452 

2-A with self-timer for shutoff, 434 

3-A blower for room heating and cealing, 820 


Motor control (Cont.): 
model train speed, 301 
neon-ser for universal a-c/d-c, 360 
noise-immune a-c drive for d-c stepper, 458 
operating synchronous clock motor fom d-c, 


optical feedback with tachometer-comparator- 
pwm for d-c motor, 756 

photoelectric aperture drive, 590 

photoelectric low-cost 60-W, 526 

plug-in for series universal appliances, 438 

positioning servo using d-c signal for reversing, 


proportional IC for heating-cooling blower, 834 
pulse-triggered triac for highly inductive loads, 
445 


pwm for 35-V¥ d-e motor, 434 

reversing 3-¥ 500-mA d-c with scr pair, 457 

reversing capacitor-start a-¢ motor with 
triggered triac bridge, 454 

reversing d-c p-m mofor with spst switch, 45¢ 

reversing half-wave universal, 437 

reversing series-wound d-c, 440 

reversing shunt-wound d-c, 437 

ring-counter-driven 3-phase induction, 439 

ser for model train, 303, 304 

scr power absorber for regenerative loads, 452 

scr universal with built-in timer for shutoff, 431 

ser with thyrector for transient voltage sup- 
pression, 137 

sequence programmer, 860 

series d-c motor for golf cart, 453 

series-wound universal with sus, 444 

shaded-pole and psc blower motors, 829 

sound-activated scr for toy turtle, 305 

speed for portable phonographs, 559 

sus-triggerad series-field universal with feed- 
back, 457 

switched-ground pulse generator, 585 

switching 3-phase motor, 450 

synchronizing speed of two motors, 442, 443, 760 

synchronous for series d-¢ motor, 447 

synchronous for small d-c p-m motors, 440 

synchronous-ujt for shunt or p-m d-c, 44] 

tachometer and d-c amplifier for auto tape 


player, 76( 

tachometer-feedback with thyristor for large fhp 
motors, 757 

tachometer-feedback scs-thyristor for small fhp 
motors, 454 


3-phase electronic commutator, 444 

transistor protection for centrifugal switch, 448 

triac for reversing psc, 748 

triac for split-phase capacitor-run garage-door 
motor, 682 

triac replaces centrifugal start switch for |/2-hp 
induction motor, 458 

teiac static starting switch, 449 

uncompensated full-wave a-c for series-wound 
d-c motor, 442 

uncompensated half-wave a-c for series-wound 
d-c motor, 957 

universal a-c/d-c appliances, 434 

ujt-ser for high-torque synchronous control of 
series d-c motor, 44 

uft with bilateral ser, 128 

ult with flip-flop fer p-m motor, 459 

epinlvarsal for power tools and sewing machines, 


universal motor in elactric drill, 447, 45! 
whistle-actuated PXE detector, 304 
(See also Control; Servo) 
Motorcycle, 4-V storage battery charger, 83 
Movie, sound-on-film preamp, 24, 35, 41 
Movie projectors, crossfader using two triacs, 352 
Multimeter: 
current range protection with diodes, 608, 609 
meter protection with shunt rectifiers, 606 
Triplett transistorized Model 400, 40! 
vtvm adapter, 394 
Multiphase generator, peak-responsive gate, 292 
Multiplexer, analog switches feeding opamp, 205 
Multiplexing, mosfef transient-free linear gate, 


Multiplier: . 
100 ae to 2 GHz with step recovery diode, 


40-kKHz [IC balanced modulator, 425 

12 V d-c to 43 V d-c with transistor-switched 
capacitors, t43 

accuracy tester, 496, 497 

age loop for stabilizing 10-500 Hz oscillator, 57 

analog differential-input for square-rooting, 502 

analog differential-input with offset nulling, 506 

analog four-quadrant using squaring modules 
and opamps, 505 

analog signals with fet's and IC opamps, S11 

capacitance in filter for 2-kV¥ supply, 234 

d-c supply voltage from 20 V to 35 V, 138 

d-c voltage in d-c/d-c converter, 139 

d-c voltage in pulse frequency modulator, 425 

ductigate fet product detector for ssb receiver, 

even-integer frequency, 730 

four-quadrant analog, 502 t ' 

four-quadrant combined with squaring ampli- 
fier, 505 

four-quadrant d-c to 10 MHz, 50? 

four-quadrant with opamp for divide and square 
root, 524 $ 

frequency by voltage in pulse-height modulator, 


Hall-effect for polar display, 910 
high-accuracy age amplifier, 5? 
high-precision using 1C opamps, 523 
1C as 10-kHz frequency doubler, 51 
IC for amplitude modulation, 436 


Multiplier (Cont.): 
opamp with fet’s for servo error command 
voltage, 710 
IC with discrete level shift, 509 
1C with opamp level shift, 516 
IC X.Y with simultaneous sion, 506 
logarithmic using IC opamps, 500 
power-supply voitage using copaciters ond 
_ diodes, 645 
Q in variable-bandpass active filter, 232 
speed-torque for monitoring instantaneaus motor 
output power, 762 
two-quadrant analog, 504 
two-quadrant d-c to 10 MHz, 513 
two-voltage IC, 498 
(See also Frequency multiplier; Q multiplier; 
, Yoltage multiplier) 
Multivibrator: 
0.1-Hz programmable-ujt, 474 
0.1-Hz programmable-ujt with output amplifiers, 


0,.5-10 Hz Shockley diode with radiated-noise 
immunity, 476 

1-Hz controlling transistor switch of 160-Hz 
twin-T oscillator, 532 

|-Hz high-stability ujb-controlled, 470 

1-Hz in 12-¥ flosher, 250 

3-Hz neon driving mercury relay of flasher, 252 

§~5,000 Hz dual-triode with optoelectronic re- 
mote contro}, 927 

20-Hz neon in photochopper, 108 

50-Hz in trigger pulse train generator for scr 
pair, 90] 

50 els kHz using two Darlington transistors 

100-Hz square-wave using IC opamp, 470 

120-Hz ujt monocycle, a9 pore 

140-1 400 Hz astable controlled by single 
rheostat, 465 

150-H2z with phase-independent start from sync 

ulse, 487 

300-Hz in |-kW d-c amplifier, 189 

300-Nz square-wave, 258 

360-Hz astable-bistable, 475 

400-Hz for triggering scr gates, 264 

400-Hz frequency standard, 275 

400-Hz squore-wove one-shot, 197 

500 Hz~I2.5 MHz monostable [C in adjustable 
pulse generator, 727 

600 ae :200 Hz cathode-coupled astable neon, 


700-Hz astable neon, 486 
800-Hz astable neon multipie-waveform, 478 
pith: inverter-driving, 334 

1.76-kHz buzz-free in electronic organ, 228 

3-kHz keyed astable without d-c output level 
shift, 466 

4-kHz square waye, 143 

7-kHz ostable, 484 

8 kHz-3 MHz 8-fransisfor, 473 

2p AV Inductor-contrallad stall-proof astable, 

30~70 kHz yco using dual-gate IC, 925 

J 60-kHz astable for electronic dice, 300 

70-kHz tape erase oscillator, 382 

95-kHz magnetic tape bias oscillator, 39! 

100-kHz astable from design graphs, 473 

100-kHz charging-current-controlied, 467 

100-kHz voltage-controlled square-wave gen- 
erator, 920 . 

{00-kHz with sure-fire starting, 477 

200-300 kHz tunable, 448 

B00 kHz—1.7 MHz voltage-controlled square- 
wave sweep, 925 

960-kHz monostable with sharp rise time, 465 

|-MHz astable using frequency-stabilizing 
diodes, 480 

\-MHz bistable, 47! 

3-]! MHz voltage-controlied, 923 

7-MHz yco using TTL gates, 924 

{0-MHz with !0-ns rise and fall times, 461 

20-MHz mono with fast rise time, 479 

150-450 MHz astable with transformer for fre- 
quency division, 270 

(2:1 frequency divider, 266 

500:1 duty-cycle free-running 600-Hz, 480 

|,000:! pulse width adjustment range, 471 

30,000:! period-to-pulse ratio, 731 

20-ns pulse width up to 100 ns delay, 196 

30-ns pulse width high-speed one-shot, 461 

0,1-100 s width range for pulse generator, 738 

0.5—1 s astable low-cast, 475 

75-s pulse-generating one-shot, 473 

é-min with fet-bipolar pairs, 480 

20-min cycling with relay and neon, 677 

adjustable-width &-A pulse generator, 735 

AND-gate conversion for switching regulator, 


644 
astable as 80:1 frequency divider, 266 
astable as sowtooth generator, 707 P 
astable driving series-shunt chopper switches, 


105 

astable driving thyristor trigger module of 
flasher, 25? ‘ 

astable for three-mode lamp display, 214 

astable from IC flip-flop, 468 

astable in d-c restorer for ert, 941 

astable in low-cost wide-range timer, 87! 

astabse mosfet pair driving shunt chopper, 106 

astable mosfet with separate width and duty 
cycle controls, 464 

astable or bistable by changing feedback, 409 

astable using [C amplifier, 486 

astable veo using cross-coupled NOR gates, 
26 


9 
gastable with 30-min delay, 859 
y. astable with diode coupling, 485 


Multivibrator (Coat.): 

astable with fet for adjustable on-off ratio up 
to 300, 414 

astable with frequency doubler, 465 

astable with voltage-divider bias, 475 

backward mono as pulse selector, 489 

base-triggered frequency-dividing complemented 
flip-flop, 904 

basic mono, 475, 485 

basic two-transistor, 462 

bistable neon, 261 

bistable neon touch control for relay. 9f 

bistable switched by increasing supply voltage, 


cascaded one-shots permit doubling of pulse 
width, 482 

combination astable-mono, 464 

commercial-version mono, 470 

common-emitter mono, 479 

complementary in dec/d-c converter, 139 

complementary-transistor with fock-up immunity, 


constant duty cycle for varying frequency, 623 

controlled-output bipolar, 463 

converting strain-gage output to modulated 
pulses, 191 

crystal-controlled divide-by-10, 271 

current-mode mono, 447 

diodes supprass undesired noise pulses, 465, 474 

driving blocking oscillator in gate pulse gen- 
erator, 731 

criving solenoids ta give reciprocating linear 
motion, 131 

driving synchronaus motor from 12 ¥ d-c, 460 

dual-scr delay flop for driving print-hammer 
solenoid, 617 

amiter-coupled mono with |.25-~s output pulse, 


emitter-coupled trigger for ring counters, 901 

expanding 5-s computer pulse to 300 ms, 622 

extra diodes for wide pulses and fast recovery 
time, 46? 

fastimono for variable-width pulse generator, 


fast mono from three [C NAND gates, 471 
fast-recovery one-shot, 465, 474, 484 
fast-recovery one-shot with wide duty cycle 
range, 470 
fet go-no-go tester with audible fone, 847 
free-running flasher for bicycles, 25! 
free-running from four |C NAND gates, 484 
free vunning in photoelectric burglar alarm, 


free-running in sampling timer, 689 

free-running without both transistors on, 482 
gated astable IC with external controls, 469 
gated monostable JC with external controls, 


hybrid one-shot, 465 

hybrid one-shot with [00 ms~20 s delay, 487 
inductor-controlled stall-proof, 483 

lab-version mono, 195 

lamp-driving mono in 0,7-¥ logic-level detector, 


linear voltage control of pulse width, 478 
low-frequency astable scr, 260 

modified mono with elongated output pulse, 619 
mono as 45-kHz pwm, 695 

mono from JC flip-flop, 480 

mono giving two pulses per trigger, 464 

mono in }-A pulse generator, 734 

more 28-V d-c flyback switching regulator, 


mono in a-¢ burst welder, 856 

mono in electronic auto speedometer, 67 

mono in period-voltage converter, 690 

mono in pulsed-light fm receiver, 688 

mono in variable-period pulse generator, 922 

mono neon, 476 

mono or one-shot sus, 481 

mono using analog comparator IC as timer, 857 

mono using IC amplifier, 197 

mono using [C amplifier to delay positive-going 
edge, 196 

mono using IC difference amplifier, 485 

mono with 60-Hz suppression for cardiac pace- 
maker, 413 . 

mone with Schmitt trigger in frequency meter, 


mono with voltage-controlled pulse width, 463 

mono with zener stabilization of delay, 474 

mono with zero quiescent power, 477 

multiple-feedback trio as uncertainty-free 500- 
MAiz trigger, 907 

multi-shot Schmitt trigger, 906 

nine-range covering 26.5 ys to 64 s, 486 

noise-triggered random-pulse generator, 479 

nonsymmetrical astable, 112 

nonsymmetrical astable with adjustable duty 
cycle for d-c motor control, 460 

one-shot for regenerating d-c pulses on analog 
tape, 383 ‘ 

one-shot four-gate without switch noise, 488 

one-shot in stable square-wave generator, 924 

one-shot in pulse divider, 167 

one-shot opamp as pulse-height modulator, 429 

one-shot opamp as variable delay, 652 ‘ 

one-shot triggered by either positive or negative 
pulses, 472 

one-shot triggered on both edges of clock 
signal, 1/3 eet 

one-shot using complementary switching tran- 
sistors, 486 

one-shot using transistor and three gates, 112 

one-shot with 200-ns recovery, 478. ; i 

one-shot with immunity to line noise triggering, 
476 
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Multivibrator (Con#.): 
one-shot with negligible standby power, 461 
one-shot with regenerative discharge of capaci- 

tor, 477 

one-shot with zero quiescent power, 483 
one-shot with zero recovery time, 472 
one-shot word-line driver, 376 
optoelectronic veo, 919 
pulse-width-controlling in two-channel gate, 291 
pulsing relay to generate step function, 677 
remotely covtrolled three-mode, 685 
retriggerable pseudo-mono, 466 
sct for boosting 20 V to 20 kV, 297 
scr high-power, 263 
sequential bipolar, 463 
single ujt, 467 
single-u{t one-shot, 487 
stall-preventin AND-gate starter, 472 
symmetrical hybrid using ujt, 462 
three-Iransistor equivalent of one-shot ser switch, 


triggering with step function for variable-width 
pulse, 740 

ty gray-scale staircase generator, 75} 

using two NOR logie circuits, 372 

unsymmetrical hybrid using ujt, 462 

voltage-controiled mono with [00:1 width 
control range, 613 

voltage-controlled pulse width, 479 

veltage-controlled triangular and square wave, 


veltage-controlied with 40 kHz per Y sensitivity, 
wide-range adjustable with fet-bipalar pairs, 


wide-range f-m discriminator without tuned 
circuits, 286 

{See aiso Flip-flop; Pulse generator} 

steals simulating signal with zener and filter, 


“Muscle-fiber impulses, low-noise hybrid IC elec- 
trometer amplifier, 412 

Music (see Electronic music) 

Myoelectricity, simulating with zener noise gen- 
erator, 409 


NAB equalization, 1C tape preamp, 381 
NAND gate: 
JK flip-flops for analog current summing, 165 
tripling number of inputs, 375 
NAND/NOR gate (see Logic} 
NASA, fet active tunable bandpass filter for 
Mars communication, 231 
Negative impedance converter: 
opamp for d-c motor speed control, 455 
rotator for altering characteristic curve, 98 
Negative resistence: 
current-controlled, 129 
two-transistor, 614 
Neon: 
5-mA indicator in leakage-current detector, 609 
0.005—0.5 Hz triangular pulse generator, 896 
0.2-Hz flasher, 258 
I-10 Hz oscillator, 532 
5~|,500 Hz sawtooth generator, 701 
20-Hz square-wave photochopper, 108 
40—180 Hz multiple-output pulse generator, 738 
300-Hz square-wave oscillator, 258 
500-Hz square-wave generator, 732, 735 
400 95 feo Hz astable cathode-coupled mybr, 


700-Hz astable mvbr, 486 
800-Hz astable multiple-waveform mvbr, 478 
2,400-Hz trigger, 90! 
I-kHz synchronized sawtooth generator, 703 
30-40 kHz oscillator, 545 
24-bit decimal-binary converter, 147 
0.125 s variable delay for relay, 865 
20-min flip-flop, 677 
330-deg ser cantral of load, 435 
0-400 Y regulated supply, 649 
160-164 V regulated power supply, 642 
300-V three-lamp voltage regulator, 646 
400-¥ four-lamp voltage regulator, 67] 
annunciator indicator, 56 
appliance heater-operation indicator, 211 
“binary counter numerical disptay, 166 
““binary-decimal converter, 145 
binary flip-flop, 261 
cable harness taster, 846, 848 
capacitor leakage detector, 843 
combination frequency divider and staircase 
generator, 755 
cro pilot light and bias regulator, 99 
crystal oscillator supply voltage regulator, 


differential low-voltage regulator, 648 
drive clreult for full-wave photoelectric chopper, 


driven simultaneously with relay by single 
transistor, 674 

driver using planar ses, 214 

film time-code marker, 588 

five-condition indicator, 209 

four-condition indicator, 218 

frequency divider, 268 

full-wave trigger for scr pair, 700 

fuse-condition indicator, 216 

half-wave trigger for scr, 907 

Halloween pumpkin blinker, 305 

high-current voltage regulator, 668 

ignition thyratron in timer, 864 

incandescent lamp failure indicator, 608, 609 

ionization gage voitage limiter, 61} 

latch for relay, 368 
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Neon (Cont.)}: . 
latching driver using planar pnpn switch, 213, 
369 


latching relay in timer, 864 
light-activated message panel, 2!1 
long-life indicator, 219 
low-frequency triangular-pulse generator, 892 
low-power supply regulation, 673 
low-voltage nonlatching indicator, 210 
low-voltage regulator, 645 
Manley-Buckley decimal ring counter, 176 
~ memory switch in d-c amplifier coupling, 190 
memory switch in OR gate as failure alarm, 2 
memory switch in X-¥ matrix, 212 
eomamey. switch station call indicator, 367 
mono mvybr, 476 
mybr far 3-Hz flasher, 252 
nojse-immyne one-shot pulse generator, 617 
nonlatching voltage indicator, 2/2 
on-off switch in digital voltmeter stage, 489 
operating flip-flop, 852 
operating photocell in timer, 854 
operating scr in timer, 857 
operating transistor in timer, 862 
organ tone generator, 225 
oscillating flasher, 305 
photocell-triac control, 580 
power-on Indicator for |,5-V supply, 220 
radjoactive material in self-destructing delay 
for proximity fuze, 868 
Zandom flasher, 303, 307 
“telaxation oscillator as tone generator, 537 
“,frelay contact-clasing-sequence indicator, 678 
7 remote on-off status indicator for three-way 
switches, 684 
ring counter decade, 177 
sawtooth from dual relaxation oscillatar, 704 
scale-of-8 frequency divider, 273 
scr driver, 213 
ser trigger for half-wave motor control, 455 
sequential flasher, 258 
short-pulse indicator, 219 
simultaneous-pulse indicator, 20! 
staircase generator, 755 
stove pilot flame monitor, 4 
suppressing telephone dial tapping, 493 
switch sequence-of-operation display, 2It 
telephone tone ringer, 770 
three-input AND gate, 377, 379 
three-input OR gate, 374 
three-input MAJORITY gate, 372 
three-lamp sequential flasher, 254 
timer and pulse generctor, 859 
transistor-connected ser as driver for digital 
display, 212 : 
transistor-coupled frequency divider, 269 
transistor-aperated indicator, 219 
trigger for scr, 905 
trigger for triac, 904 
triggering scr in full-ewave power control, 135 
triggering scr in half-wave phase-shifting power 
control, 135 4 
triggering scr in photocell-controlled dimmer, 
3 


triggering scr in temperature control, 836 
triggering ser in transformer-coupled power 
controi, 358 , 
triggering scr‘s in symmetrical full-wave power 
control, 360 
triggering triac in 600-W_ power control, 135 
turn-on by low-voltage IC flip-flop, 212 
two-lamp voltage regulator, 665 
voltage regulator in potentiometer-bridge volt- 
meter, 86 
vtvm voltage-divider balance indicafor, 933 
wide-range voltage indicator, 294 
Neon blinker, low line voltage alarm, 5 
Neon lamp, two-diode switch for decimal read- 
out, 216 
Neon sign, solid-state high-voltage supply, 299 
Nerve impuises, low-noise electrometer amplifier, 
412 
Network: 


SL R-C in telephone line equalizer for data trans- 


mission, 769 

tester for distributed-parameter phase-shift, 847 

twin-T in mosfet notch filter, 234 
Nickel-cadmium battery: 

charger with current and voltage protection, 80 

overcharge protection with shunt diodes, 78 

protecting against complete discharge, 608, 610 
Night light: 

Photocel!-contro|led, 572 


photocel]-controlied blinking, 258 
Nixie: or 


170-V switching regulator with 5.5-V for TTL, 
6 


anade-coupled ser ring counter drive, 179 
sembination driver and storage flip-flop, 214, 


latching lamp driver using planar pnpn switch, 
3 


transistor-connected scr as driver, 2/2 


Nie drivers 50-MHz IC digital counter for CB, 
8 


Nixie ring counter, using planar pnpn switches as 
drivers, 174 
Noise: . 
100 kHz—-8 MHz noise generator simulates radar 
return-signal grass, 489 
active self-powered filter for logic control lines, 
48) 


cancelling with feedback circuit in phone line, 
77\ 


cymbal afterbeat generator for electronic 
organ, 224 


Noise (Cont.)* 
detection of miflivolt in-phase signals, 20] 
double-triode squelch, 55 2 
eliminating with sine-wave oscilfator in inverter, 
8 


gas-tube generator for calibrating radiometer, 
492 

high immunity in fast-switching pulse inverter, 
378 


immunity in 0.5—10 Hz mvbr, 476 

immunity in ser shift register, 720 . 

line-frequency eliminated in analog-digital con- 
verter input, 494 

measurement with }C opamps, 491 

measuring spikes with ordinary meter move- 


ment, 393 
minimizing in (G0-femtoampere fet electrometer 
amplifier, 399 


minimizing with fet input in preamp for radia- 
tion detector, 627 

mosfet gate driver increases sample-and-hold 
dynamic range, 689 

neon suppresses telephone dial tapping sound, 


one-shot mvbr with immunity to false triggering, 


rejection in pulse width discriminator, 492 
refection in radio astronomy, 3 
simulating |-kHz-bandwidth muscle signal, 409 
slicing from telemetry signal, 765 

squelch combined with a-m detector, 56 
squelch for pwm, 491 

suppression with fet bidirectional analog gate, 


suppression with 1C opamp in digital line, 489 
suppression with triac for a-c switching, 950 
switely bounce eliminated by four-gate one-shot, 


8 
switch-bounce isolated with IC flip-flop, 740 
synchronous demodulator for tuning 60-Hz 
signal, 494 
three-position active audio filter combined with 
rumble filter, 231 
triac rfi suppression with series chokes, 491 
triggering random-pulse generator, 479 
two-zener spike-clipping limiter, 606 
Noise canceller, video i-f far 5-V tv with |.5-inch 
screen, 777 
Noise cancelling, differential amplifier fed by 
chopper, 109 
Noise diode, filament temperature regulator, 491 
Noise generator: 
0—| kHz with clock drive and low-pass filter, 490 
0.5-500 MHz diode-vjt, 493 
2 kH2~500 MHz avalanche-diode, 490 
Noise meter, peak-reading up to 10 MHz, 490 
Nolse suppression: 
amplitude stretching of keyed c-w signal, 120 
diodes in mybr, 465, 474 
forward-feed stabilization in d-c differential 
amplifier, 190 
Nonferrous metal detector, r-f beat-frequency for 
concealed brass nails, 422 
NGR gate, used as trigger pulse generator, 900 
(See also Logic) 
NOR logic, variations for different temperature 
ranges, 373 
Notch filter: : 
30-800 Hz electronically tuned twin-T, 238 
60-Hz active 1C, 23] 
900-1.200 Hz automatic optoelectronic tracking, 


R-C with iC opamp, 235 
variable-bandwidth for 100—!50 Hz, 230 
Nuclear radiation (see Radiation) 
Nuclear reactor, motor contro! for rods, 625 
Nucleonics, |0-ns time interval expander, 36t 
(See also Radiation) 
Null cetector, 100-MHz phase-measuring bridge, 


Numerica} display: 
column-sefecting staircase generator, 752 


Ya figure-8 bar matrix generator, 213 


Zamplifier for crt, 21) 
Numerical indicator: 
onode scanning for multiple-tube display, 20? 
four-digit with anode scanning, 219 
multi-digit with scs ring counter drive, 214 
parallel-digit computer output with memory, 210 
self-excited dynamic drive for multiple-tube 
display, 217 3 . 
synchronized dynamic drive for multiple-tube 
display, 716 
Numerical printout, control far ring counter, 179 
Nuvistor, input stage of 15-Hz preamp, 3/7 
Nyquist plot generator, closed-loop servo, 708 


Oceanography: : 
2-kHz underwater pinger, 908 
gyrator os vif active filter, 4)} 
Octagonal} vertical loop, transmitter matching 
network, 880 
Octupler (see Frequency multiplier} 
Odometer, automotive without speedometer 
cable, 66 
Offset nulling: 
ditferential-input multiplier, 506 
square-rooting with multiplier, 502 
Ohmeter, measuring breaker point dwell angle, 


One-shot, relay pull-in for 50s per minute, 679 
Operational amplifier: 
0.004-Hz sine-square-triangular generator, 895 
0.04~10.99 Hz tunable twin-T pass or rejection 
filter, 234 


Operational amplifier (Cont.): 


7 


a 


0.1—t00 Hz sine-square-triangular function 
generator, 896 

|-Hz low-distortion sine-wave oscillator, 536 

Q—1 kHz voltage-controlled oscillator, 927 

0.13.2 kHz IC telephone-channel, 772 

|-kHz logarithmic with 66-dB range, 510 

{-kHz tone generator, 544 

[-kHz with absolute-value output, 519 

{00-kHz narrow-band tuned amplifier, 519 

0-1 MHz integrator, 495 

012 MHz flat 2-W, 506 

I|-MHz bandpass using twin-T network, 523 

3-MHz balanced-input for transducers on long 
lines, 508 

3.5-MHz bandwidth at 50 dB gain, 522 

10-MHz RLC bandpass, 500 

30-MHz voltage follower using [C opamp, 514 

42-MHz IC with compensation, 523 

é-dB inverting video amplifier, 918 

20-dB audio compressor, 53 


30-dB noninverting video amplifier, 913, 917, 918 


60-dB dynamic range age, 57 

360-deg sine-cosine function generator, 504 

50-W 1% with transistors, 518 

5 or 10 V voltage reference, 943 

8.2-V ultrastable reference, 944 

absolute-value circvit, 501 

absolute-value using full-wave rectifier, 518 

active resistor, 518 

adapter for testing in avtomatic digital iC 
tester, 843 : 

adjustable exponential function generator for 
voltage, 50! 

adjustable-gain buffer, 515 

analog-computer summing, 512 

analog control of voltage, 507 

analog divider, 500 

analog divider and multiplier, 498 

analog integrator with hold mode, 519 

dnalog integrator with reset-compute-hold 
modes, 522 

analog multiplier, 498 

analog multiplier tester, 496, 497 

analog squaring, 512 

antilogarithmic using silicon diode, 515 

antifog of voltage from 0 to 5 V, 513 

audio bass control, 54 

audio treble control, 53 

change-of-slope detector, 202 

chopper-stabilized inverting-only, 109 

chopper-stabilized noninverting, 109 

commutator using fet switches, 293 

compensation for bias and offset current 
errors, 516 

constant bandwidth with variable gain, 520 


constant-currant charging of ujt relaxation oscil- 


lator, 533 : . 
correcting thermistor linearity, 836 


correcting thermocouple cold-junction tempera- 


ture, B 

cubic function generator, 504 

differential, 516, 516, 517 

differential as hard limiter, 501 

differential digital signal detector, 513 

differantial IC opamp with gain of 3, 511 

differential-input multiplier, 506 

differentiator, 507, 523 

diode leakage current drift measurement, 850 

divider-multiplier of age for servo error com- 
mand, 710 . 

dual IC as active filter, 236 

electronically variable capacitor, 924 

electronic resat, 503 

electronic switch for sontple-held, 694 

error sensing in series voltage regulator, 659 

exponential function generator, 521 

Fairchild 2A709 tC, 322 

fast-acting audio attenuator, 50 

tault detector, 850 ‘ 

fet pulse gate for variable limiting and 
resetting, 519 : 

fat-stabilized with high open-loop input imped- 
ance, 185 

four-quadrant multiplier, 499, 502, 505, 509, 521 

four-quadrant sine generator, 503 

four-stage with fet input, 505 

gain control with fet chopper, 59 

Hall-effect preamp, 508 

high-accuracy sample-and-hold, 691 

high-gain d-c differential, 507 

hysterests circuit design procedure, 939 

1C active bandpass filter, 237 


IC as short-circuit-proof power-supply regulator, 


655 

(C as volfage comparator, 127 

IC for amplitude modulation without carrier 
suppression, 423 

IC for automatic range switching of voltage 
comparator, 928 

IC high-accuracy signal multiplier, 523 

IC high-gain for low-speed tachometer, 762 

(C in [0-kV¥ voltmeter, 398 

(C in 30-Hz sample and hold, 694 

IC in 60-dB range age, 58 

IC in analog divider, 512 

$C in analog signal multiplier, 51! : 

Ic Hs a crantias connection with 20-dB gain, 
0 


IC in nuclear radiation trip alarm driver, 628 

IC in ppi sweep generator, [03 

IC in pulse frequency-width modulator for 
valve, 428 ‘ 

IC in tunable bandpass audio filter, 231 

IC jn two-section active filter, 230 

IC logarithmic multiplier, 500 
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Operational amplifier (Cont.): 


IC magnetic phono preamp, 562 

'C noise suppressor for digital line, 489 

IC summing, 512 

tc summing with bias current drift compensa- 
tion, SE] 

IC tape preamp, 381 

tc voltage regulator for output below zener, 656 

ic with bootstrapped bias, 497 : 

IC with fet as peak detector, 932 

'C with notch filter, 235 

tc with Preamp and bias current drift compen- 
sation, 508 

iC with switching for 19 gain values, 496 

tc win zener for adjustable reference voltage, 

inexpensive two-stage inverter, 513 

integrator, 519 

integrator for laser cloud height radar, 365 

integrator with clearing circuit, 502 

integrator with sample and hoid, 692 

interconnecting two with resistor bridge for 

_ bias, 88 

inverting 1C with feedback and 28-dB gain, 513 

inverting peak detector, 932 

inverting sampie-hold, 695 

inverting with gain of 10, 517 

inverting with gain of 50, 517 

inverting with gain of {00, 517 

line-operated |00-V regulator, 647 

logamp for strip-chart drive, 763 

logarithmic, 499 

logarithmic compression of instrumentation 
data, 495 

logarithmic converter, 50B 

logarithmic using silicon diode, 520 

log of current ratio, 508, 509 

log of voltage or current, 502 

log of voltage or current ratio, 50! 

low-level transducer signal, 522 

make-before-break fet switch, 744 

measuring generated electrical noise, 49! 

measuring light intensity and flash energy, 392 

measuring light intensity and total light energy, 


monitoring millivolt changes in d-c level, 89 

multiplexing with analog switches, 205 

multiplier and divider, 506 

multiplier for divide and square root, 521 

multiplier with discrete level shift, 509 

multiplier with level shift, 516 

negative impedance for d-c motor speed 
control, 455 

nine-Input binary level detector, 939 

noninverting iC with feedback and 20-dB gain, 


noninverting with bias current drift compensa- 
tion, 520 

noninverting with gain of 100, 518 

output voltage overload protection with fet, 606 

polar logarithmic, 544 

Positive voltage follower with unity-gain buffer, 


precision analog gate, 290 
preciion switch for applying reference voltage, 


printed-circuit conductivity tester, 850 

proportional temperature control, 826 

@ multiplier for low-level! measurements, 406 

remote contro! of 20-dB audio compressor, 682 

root-mean-square operation, 518 

sample-and-hold for analog signals, 691 

sample-and-hold with leakage-eliminating 
mosfet pair, 695 

soinplerand-hold with opamp buffer for load, 


scaling adder, 519 

squarer, 5! 

square-rooting, 502 

square root of sum of squares, 499 

square-root operation, 515 

subtracting, 5!7 , ; E 

suppressing input transients with ujr, 510 

switched integrator, 490, 691 ‘ 

synthesizing peaked-response transfer function, 
514 


temperature-stable d-c amplifier using differen- 
Hat transistor pairs, 190 

tester power supply, B4f 

tester using transfer-function display on cro, 841 

tester with nine test sockets, 840 

thermometer for industrial use, 834 

three-IC in synchronous phase detector, 503 

tracking differentiator, 512 

transducer zero error compensation, 405 

transient analyzer for inverter, 510 

triangle and square-wave generator, 896 

triangular and square-wave vco, 897 

ty gamma correction, 803 

two-channel IC for stereo preamp, 329, 562 

two-quadrant analog division, 

two-quadrant multiplier, 504, 513 

two-transistor voltage booster, 498 

unity-gain feed-forward, 520 A 

unity-gain follower from !C difference ampli- 
fier, 517 

variable-gain single pe control, 520 

voltage-controlled |00-kHz square-wave 
generator, 920 S 4 

yoltage follower for transforming from high to 
low impedance, 522 | , 

voltage-follower {C with diode bootstrapping 
for bias current drift compensation, 514 

voltage regulator for output above zener, 662 

wideband absolute-value, 511 

wideband IC audio limiter, 52 


Operational amplifier (Cont.): 


}: 
wideband with 6 dB/octave rolloff, 514 
(See also Amplifier; 
Optical feedback, 


Analog) 
h-precision speed control 
for 120-V d-c series motor, 438 


Optical logic, two-phototransistor driver for static 


switch, 276, 380, 380, 380 


Optical radar, laser time-pulse expander, 361, 361, 


364, 345 


Optical tachometer, laser for light or electrical 


pulses, 759 


Optics, f-m telemetry of retina-brain biopoten- 


Hals, 765 


Optoelectronics: 


4 
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td Hz-50 kHz Wien veo, 524 

90-deg phase shifter for servo, 526 

150-W projection-lamp regulator, 530 
3-kW a-c voltage regulator, 528 

100-V regulated power supply, 525 

&-kV flash-triggered switch, 298 

age for receiver, 62, 62 

age for tube circuit, 525 

appliance motor control, 526 

automatic 800~!,200 Hz tracking filter, 232 
avc for ssb receiver, 723 

constant-current regulator, 181, 184 
control circuit for automatic 800—1,200 Hz track. 


ing filter, 232 


d-c phono motor speed control, 559 

digital data transmission isolator, 525 
facsimile background control, 526 

facsimile baseband amplifier using Raysistor, 


524 


frequency doubler with Isolated output, 527 
high-volta je overload protection, 298 
infrared clinical thermometer for ear canal 


temperature, 317 


light-beam modulator, 527, 527, 528 
light-triggered 6-A triac, 529 

linear remotely controlled pot, 529 

logic driver, 376, 380, 380, 380 

modulator for solid-state lamp, 527 
overvoltage protection with Raysistor, 610 
position detector, 529 

punched-card reader, 530 

radiation thermometer using light pipe and 


chopper wheel, 316 


relay isolator, 530 

remote-controlled dual-triode mvbr, 927 
remole’9 

smoke detector, 527 

square-wave vco, 919 

ty automatic contrast control, 530 
undervollage protection with Raysistor, 528 
(See also PI 


ain control for tape preamp, 38} 


otoelectric) 


rgon: 

6-Hz vibrato, 229 

dual-sawtooth tone generator, 707 
IC electronic, 224 
mixer-amplifier, 229 

neon tone 
single-oscillator IC, 226 

single-voice electronic, 222 

six-octave tone generator, 225 

twin-T "'sustain'' oscillator, 229 

twin-T wave-shaping active filter, 237 

ry movable-octave sawtooth generator, 223 


enerator, 225 


ee a/so Electronic music) 


OR gate (see Logic) 
Oscillator: 


ae Hz dual astable neon triangular-pulse, 


0.1-Hz relaxation, 535 
oe a in high-power square-wave generator, 


7 
0.5—3 Hz relaxation in {2-V flasher, 254 
1-He tor daylight-controlled 40-W 12-V flasher, 
4 


|-Hz in 100-mA flasher using scs pair, 257 

[-Hz low-distortion sine-wave, 536 

!-Hz ujt for flasher, 257 

{-Hz ult for mybr control, 470 

\-Hz ujt relaxation, 349 

l=6 Hz for mybr-driyen control rod, 13) 

t-10 Hz neon dual relaxation, 532 

1-500 Hz blocking for portable strobe, 249 
2-Hz for visual checkout of digital logic, 840 
2-Hz relaxation, 535 

2-300 Hz strobe, 245 

4-8 Hz fet tremoto for stringed instruments, 228 
6-Hz tremolo for guitar pickup, 226 

6-Hz twin-T vibrato, 229 

7-Hz vibrato for organ tone generators, 224 
10-Hz relaxation in pulsed-light alarm transmit- 


ter, 4 
10 Hz—50 kHz Wien vco with optoelectronic 


control, 524 


$0 Hz~100 kHz low-distortion Wien bridge, 88 
15 Hz~2MHz Wien bridge, 87 
15~200,000 Hz Wien-bridge audio signa! genera- 


tor, 535 


30 Hz~30 kHz cryogenic-diade, 533 

33-Hz constant-amplitude, 531 

40-~40,000 Hz relaxation, 733 

50-Hz square-wave generator, 735 

50 Hz—100 kHz voltage-controlied mvbr, 483 
50 and |,200 Hz in trigger pulse generator for 


sect pair, 701 


&0-Hz sawtooth locked to line frequency, 70! 
67—1|,600 Hz feedback with resonant-reed 


stabilization, 533 


67—3,150 Hz resonant-reed, 682 
100-Hz {C opamp with temperature-sensing 


bridge, 826 


130.8!—1,046.5 Hz ujt for electronic organ, 223 
160-Hz keyed twin-T, 532 


973 


— 


e 


Oscillator (Cont); . 
200-Hz relaxction in pulsed-light intrusion alarm, 
1 : 


200-800 Hz relaxation in double-pulse genera- 
tor, 6lé 

300-Hz square-wave mybr, 258 

320-Hz square-wave with fast rise time, 62! 

400-2 fork-controlied, 276 

400-Hz in 10-W mobile regulated inverter, 338 

400-Hz ujf sine-wave, 543 

600-Hz beep generator for recording phone 
conversations, 769 

$52,.5-Hz tuning fork tn pulsed-light transmitter, 


888 

|,000-Hz IC for audio testing, 537 

,000-Hz in high-voltage scr inverter, 299 

,000-Hz ujt relaxation, 615 

1,390-Hz Hartley with frequency dividers, 267 

|,600-Hz tuning-fork in inverter, 335 

2,125 and 2,975 Hz for frequency shift keyer, 120 

4,435—8,372 Hz in organ tone generator, 225 

0-| kHz voltage-controlled, 927 

0-100 kHz fet-stabilized Wien bridge, 542 

«kHz for lamp tuen-on by low-level logic, 378 

(-kAz pre-timed, 534 

-kHz relaxation cperating from 3-¥ cell, 537 

I-kHz ses relaxation, 731 

|-kHz synchronized to 60 Hz, 729 

-kHz two-transistor relaxation, 614 

I-kHz with fet and IC opamp, 544 

—5 kHz relaxation using four-layer diode, 729 

{~15 kHz high-stability Wien-bridge with IC 
opamp, 531 

2-kHz frequency-modulated ujt, 279 

2-kHz in underwater pinger, 908 

2-kHz ujt as isolated trigger for triac, 750 

2.5-kHz complementary ujt in decade frequency 
divider, 267 

2.8-3.1 kHz with ujt for age, 58 

3-kHz in metal detector, 422 

3.52-kHz in electronic organ, 228 

4-kHz triggered blocking for driving counter 
chain, | 

ake triggered blocking in six-decade scaler, 


4-kHz Wien-bridge, 534 

4,8-kHz in digital data modulator, 427 

5-kHz amplitude-modutated, 54{ 

5—10 kHz voltage-controlled, 921 

&-kHz blocking in 20-¥ d-c switching voltage 
regulator, 667 

&-kHz blocking in 24-V d-c switching voltage 
regulator, 660 

9-kHz in 28-¥ d-c flyback switching regulator, 


673 
10-kHz blocking in a-c burst welder, 856 
10-kHz crystal-controlled ujt sine-wave, 539 
f0-kHz from 100-kHz setf-dividing IC crystal 
osciliator, 268 
10-kHz sus using ringing current of inductor, 535 
10-kHz twin-T, 223 
I5-kHz Hartley for magnetic remote-control 
transmitter, 684 
20-kHz blocking in magnetic-core shift 
register, 72] 
20-kHz in 4-W fluorescent-lamp inverter, 334 
‘ SORE with zener-stabilized output amplitude, 
30-40 kHz neon, 545 
50-kHz, 312 
§0-kHz common bias-erase for stereo tape 
recorder, 391 
50-kHz complementary ujt, 615 
50-kHz frequency-locked for stereo tape 
recorder, 39) 
50-kHz two-transistor in tape recorder, 385 
$0-kHz vjf in clock resynchronizer, 112 
70-kHz tape erase and bias, 382 
95-kHz magnetic tape bias, 39] 
{00-kHz Golpitts crystal clock, 113 
100-kHz Colpitts in noise-free inverter, 488 
100-kHz crystal fet, 541 
100-kHz crystal for battery-powered clock, 1/3 
100-kHz crystal IC square-wave for receiver 
alignment, 276 
100-kHz crystal with hormonics to 150 MHz, 874 
100-kHz grounded-drain Colpitts fet, 544 
100-kHz tuned-drain tuned-gate crystal fet, 548 
pga yoltage-controlled square-wave mybr, 


100 kHz~2 MHz crystal clock using IC gates, 112 

100 and 20 kHz single-compactron frequency 
standard, 539 

300-kHz in metal detector, 420 

455-kHz, 312 

455-kHz crystal current-controtled f-m, 282 


Oscillator (Cont.): 
\-3 MHz three-gate crystal, 542 
2.18-MHz crystal in radiotelephone transmitter, 
88 i 


3.2-MHz driving !evel-sensing capacitance 
bridge, 90 

Seas untuned Colpitts in crystal tester, 
8 

3.58-MHz color subcarrier tuned by voltage- 
dependent fet, 813 

3.58-MHz jfet color ty, 816 

4-MHz frequency-modulated by dynamic mike, 
8 


2! 
oMilz delaying for synchronized clock signal, 


5~—200 MHz superimposed on cro pulse burst 
trace, 10! - 

8-MHz thin-film hybrid crystal, 538 

10-MHz cathode-coupled crystal for phased 
radar, 540 

10.7-MHz, 312 

|2-MHz crystal clock with fet coupling, II} 

14-MHz Hartley in four-wire resistance checker, 


{5,025-MHz crystal telemetry, 767 

20-MHz crystal in sonobuoy transmitter, 908 
20-MHz fet, 544 

27-MHz crystal, 541 

30-MHz crystal for double-superhet f-m receiver, 


546 
33-MHz IC NAND gates for —2.4 V bias, 240 
35.5-MHz crystal in double-conversion f-m re- 
ceiver, 279 
40-MHz crystal with tripler, 543 
45-MHz liquid-level-sensing, 91 
50-MHz crystal Colpitts in 50-W transmitter, 888 
50-MHz relaxation for testing flip-flops, 727 
100-MHz bipolar-transistor, 539 
100-MHz Hartley low-deviation f-m, 283 
102-116 MHz R-C tuned, 281 
209-219 MHz using fifth-overtone crystal, 280 
350-750 MHz lumped-circuit power, 542 
400-MHz to subaudio, 538 
500-MHz |-W microstripline, 766 
600—{,100 MHz coaxial-cavity power, 540 
1,000-MHz 0.5-W lumped-constant, 768 
1,500-MHz voltage-controlled with low thermal 
drift, 922 
I-1.5 GHz 600-mW varactor-tuned, 546 
|.68-GHz microstripline, 544 
.2 GHz Colpitts, 546 
8-2.3 GHz tunable, 545 
5,000:1 frequency-range relaxation, 535 
l-s chirp, 532 
| ppm in ujt delay, 858 
12—!70 ¥ d-c/d-c converter, 141 
28-170 V d-c/d-c converter, 14! 
a-f blinking-neon for line voltage alarm, 5 
a-f without start-up timing error, 532 
astable square-wave, 739 
audible voltmeter, 849 
Sudo: sine-wave opamp with stabilizing diodes, 
5: 
audio tone in Ericofon handset, 493 
sural continuity tester, 828, 845 
blocking as driver for solid-stat mp, 527 
blocking in gate pulse generatof731 
blocking in pulse coincidence detector, 290 
breakdown-diode relaxation, 617 
cascaded blocking in pulse train generator, 613 
ceramic transfilter for 455-kHz i-f, 309 
code practice, 1/8, 119, 119 
Coipitts fet subaudic fo 400 MHz, 538 
Colpitts used as nonmagnetic metal detector, 
20 
erystal-controfled mvbr, 27! 
crystal for police converter, 154 
crystal with mosfet r-f switches in double- 
sideband generator, 429 
dual redundant crystal r-f, 540 
electric fuel pump, 67, 48, 68 - 
x, lectronic slot machine, 302 
fast turn-on by control of p-i-n diode, 637 
five functions by changing feedback, 409 
f-m subcarrier for nerve biopotential telemetry, 


765 
f-m tuner, 283, 285 
gated phase-locked pulse bursts, 292 
grid dip meter, 276 
Hartley in electronic lock, 686 
horizontal for color ty, 813 
horizontal for large-screen all-transistor ty, 786 
IC code practice, I17, 119 
J/intrared Pulse generator, 320 
jinchionsdieds signal amplitude stabilizer, 923 
inear a-f ujt relaxation, 533 
low-cost ujt for sampling, 692 
metronome, 228 
modes, relaxation as ultra-fast trigger genera- 
‘or, 
Morse code practice, 120 
mosfet-stabilized Colpitts r-f, 546 
neon relaxation as tone generator, 537 
neon supply voltage regulator, 537 
percussion sound generator, 223 
phase-shift with photoelectric control, 410 
pulsed-light remote-control transmitter, 683 
push-pull IC in adjustable pulse generator, 727 
reaction-grid-detector in proximity fuze, 417, 


1 
relaxation in d-c linear-logarithmic converter, 
4 
relaxation In portable d-c motor speed control, 
5! 


5? 
relaxation ujt in light-friggered laser one-shot, 


Oscillator (Cont.): 
relaxation using inductance fo speed fall time, 
623 


relaxation with two transistors, 614 

resonant-reed relay as pulsed audio tone gen- 
erator, 677 

sawtcoth dual-neon relaxation, 704 

sawtooth field for battery portable tv, 800 

sawtooth ujt in |0-hr timer, 854 

sawtooth with improved linearity, 697 

ser in light-detecting alarm, 315 

scr in sound-detecting alarm, 54 

scr relaxation driving alarm speaker, § 

single-voice electronic organ, 222 

square-Irlangle-sine-cosing function generator, 


stereo phono, 563 

subaudio, 536 

sus relaxation for triggering ser in half-wave 
phase control, 554 

Theremin electronic music, 222 

third-overtone CB crystal in CB channel 
locator, 890 

tunnel-diode sine-wave, 539 

twin-T gliding-tone music, 226 

twin-T music ‘‘sustain'', 229 

twin-T ringing for electronic music, 227 

Twintron a-f for 1,000-channel tone communi- 
cation system, 534 

two-tone audio for ssb transmitter testing, 724 

two-tone ssb test, 726 

two-Iransistot audio for light probe for blind, 

u 

ujt driving neon power-on indicator, 220 

ujf in 0-500 V meterless d-c aural voltmeter, 397 

uit in 0.1—90 s timer, 866 

ujt in |+30 5 linear sweep for cardiac monitor, 
4l! 


ujt in d-¢ p-m motor speed control, 440 

ujt in d-c voltage multiplier, 138 

ujt in hysteresis-free voltage-level indicator, 
938, 


ujf tn p-m alternator battery-charging regulator, 
657 


ujt relaxation as variable-duty-cycle square- 
wave generator, 738 

ujt relaxation for triggering scr in half-wave 
phase contro|l, 553 

ujt relaxation in 1-A pulse generator, 734 

ujt relaxation in d-c flasher, 254 

ujt relaxation in isolated a-c motor control 

., circuit, 451 

uit relaxation in nA current detector, 183 

ult relaxation with crystal as clock, 116, 116 

ujt in series-motor synchronous control, 447 

ujt in shunt-moter synchronous control, 441 

ujt in switching-mode regulator, 655 

vif variable-pulse-width control for model rail- 
road, 304 

ujt with zener reference in |2-V scr battery 
charger, 81 

variable-frequency a-f train whistle, 533 

vertical for color ty, 815 

vio for amateur radio transmitter, 878 

veltoge-controlted for measuring filter cutoff, 
239 

yoltage-controlled with balanced-bridge mixer, 


warble-tone generator as telephone ringer, 770 

Wien-bridge audio for f-m communication with 
dolphins, 282 

Wien bridge with age, 85 

wireless phono, 541 

(See also Audio; Audio oscillator; Electronic 
music; Frequency divider; Frequency modu- 
lation; Frequency multiplier; Function aen- 
erator; Radar; Receiver; Remote control; 
Sawtooth generator; Signa! generator; 
Staircase generator; Sweep; Telemetry; Tele- 
vision; Transceiver; Transmitter; Ultrasonic; 
Video; Voltage-controlled oscillator) 

Oscilloscope: 

6 Hz—450 kHz sawtooth drive, 707 

150-MHz horizontal deflection amplifier, 95 

150-MHz horizontal preamp, 102 

bootstrapped differential fet vertical preamp, 


d-c restorer, 96, 97, 98 : 
delay-measuring teference waveform generator, 


dual-rate sawtooth for horizontal sweep, 707 
frequency meter, 277 
hormonal preamp with 0X sweep expansion, 


superimposing timing signal on pulse burst 

_ trace 

time-mark generator as horizontal-sweep 
calibrator, 100 

transformerless sampling circuit, 693 

transistor curve tracer drive, 842, 843 

(See also Cathode-ray) 

Outboard engine: 

battery-chorging regulator for p-m alternator, 

57 


regulator for p-m field alternator, 657 
Overcurrent protection: 
d-c electronic circuit breaker, 59] 
series-pass regulator, 640 
Overload (see Protection) 
Overveltage alarm: 
28-V d-c aircraft supply, 4 
bistable mvbr switched by supply voltage, 472 
Overvoltage protection: 
¢ d-c electronic circuit breaker, 591 
7 fuse-blowing by sus and ser, 594 
three-phase equipment, 609 


q 


7 


4 
/ 


Pacemaker, cardiac two-transistor, 407 

Paging, exclusive OR gate for many push-to-talk 
mikes, 685 

Rangramle receiver, voltage-controfled oscillator, 


Paper-break detector, light-sensitive fet, 570, 571 
Paper tape: 
dual-scr drive for punch solenoid, 617 
hole reader using Schmitt trigger, 574 
Paramatrix, converting graphics to digital for 
computer processing, 99, 124 
Poraphase amplifier, hybrid for electrostatic crt, 


Passive filter (see Filter, passive) 
Pattern recognizer: 
quinary memory using flip-flop and diodes, 260 
ternary decision unit, 121 
Peak detector: 
0.2-us pulses, 931 
{O-ns pulses, 938 " 
amplitude-madulated signal, 935 
bipolar pulses from digital tape head, 385 
(See also Voltage level detector) 
Peak-reading voitmeter, protection with series 
diode, 404 
Peak sense and hold, analog comparator IC, 930 
Peak sensing, repetitive waveforms, 935 
Peak voltage holding, analog signals for mechani- 
cal recorder, 936 
Percussion instrument, electronic, 223 
Permanent magnet, contactless trigger for elec- 
tronic ignition, 77 
Permanent-magnet motor: 
35-¥ an a-c line with speed contra), 44) 
self-measurement of speed with d-c voltmeter, 
757 
synchronous four-transistor speed control, 440 
synchronous speed control with ujt and flip-flop, 
59 


synchronous-ujt speed contro}, 441 
Phase comparator, digital output for dvm, 947 
Phase control: 
200-800 Hz double-pulse generator, 616 
200-2,000 Hz optoelectronic for servo loop, 526 
40-deg voltage-variable, 547 
90-deg shift of audio frequency with fet variable 
resistor, 549 
170-deg single-transistor, 553 
180-deg phase shifter, 548 
360-deg in sine-square converter, 150 
0~100% for three-phase regulated supply, 549 
25~100% for three-phase supply, 552 
25-W laser with miniature lamp, 583 
50-W half-wave, 548 ‘ 
600.W extended-range diac-triac, 433 
600-W lamp dimmer, 356 ‘ 
600-W lamp dimmer with low minimum bright- 
ness, 356, 356 | 
600-W photoelectric lamp dimmer, 354 
300-¥ 3-kW a-c yoltage regulator, 528 
asc {Ine voltage regulator, 55] 
basic diac-triac full-wave, 553 
d-c supply, 551 


/ dimmer with line-voltage clamping, 355 


dual R-C bilateral scr, $33 

full-wave diac-triac, 549 

full-wave diac-triac with alternate-cycle reset, 
5 


full-wave diac-triac with reduced snap-on, 550 

full-wave extended-range diac-triac, 554 

full-wave extended-range triac, 554 

full-wave for bilateral scr, 137 

full-wave scr master-slave, 553 

full-wave transformer-coupled neon-scr, 552 

half-wave neon-ser, 553 

half-wave scr with 180-deg range, 554 

half-wave sus with capacitor reset, 554 

half-wave ujt with capacitor reset, 553 

high-gain ujt-scr, 550 

hysteresis-free full-wave dimmer for |2-V a-c 
lamp, 357 

hysteresis-froe sbs with triac, 352) 

hysteresis-free wide-range for inductive loads, 
552 

hysteresis-free wide-range for resistive loads, 
552 


line-operated ser trigger using DI3TI program- 
mable ujt, 549 
manual ser-ujf, 550 
regulated high-power a-c supply, 640 
itter with voltage gain of 150, 547 
three-phase full-range, 549 
three-phase scr-transistor, 84 
thyristor gate-drive trigger, 704 
thyristor protection circuit, 604 . 
tiac ramp and pedestal for inductive loads, 
550 
trigger for scr's feeding inductive load, 550, 554 
jt ond bilateral ser without hysteresis, 133 
ujt with bilateral scr for inductive loads, 128 
Phase delay, frequency-compensated using com- 
parator and sawtooth generator, 705 
Phase detector: 
20-MHz i-f signals, 636 
fet in frequency-voltage converter, 277 
square-wave flip-flop, 203 
synchronous using three IC opamps, 503 
unbalanced bridge with null detector, 85 
Phased radar: M 
crystal osciflator for binary frequency gen- 
erator, 540 
pentode mixer for binary frequency generator, 
48 


Phase indicator, a-c tachometer output, 741 
Phase inverter, 150-MHz cro horizontal preamp, 
102 


- 
on 
7 6-W stereo amplifier, 554 


Phase-lock detector, mosfet contro! for veo, 552 
Phase-locked loop, |-MHz voltage-controlfed 
crystal oscillator, 920 
Phase modulation: 
1-3 kHz phase-splitting filter, 240 
1-100 kHz cascaded phase-splitting filter, 242 
359-kHz active bandpass filter for audio tones, 


235 
Phase modulator, 60-MHz with coded oufput, 428 
Phase reference, variable for servo control, 547 
Phase selector: 
remotely controlled relay-type, 744 
remotely controlled two-transistor, 747 
Phase-sensitive demodulator, 400-Hz Jinear with 
5.5-¥ d-c output, 553 
Shase-sensitive switch, bridge-driven ser for two 
loads, 743 
Phase shifter: 
0-180 deg two-stage mosfet for 400 Hz, 547 
0-360 deg fet, 554 
70-deg valtage-variable, 547 
100-deg control of power with neon and scr, 135 
380-deg control of power with neon and ser, 135 
eight-output at 45 deg spacing, 55} 
fet-tuned R-C oscillator, 545 
Phase splitter: 
1-3 kHz using all-pass filters, 240 
1-100 kHz using cascaded all-pass filters, 242 
20-M Hz i-f signals in phase detector, 636 
Soublersidsband mosfef balanced modulator, 


voltage gain of 150, 547 
Phone (see Telephone) 
Phono: 
iw G amplifier for ceramic cartridge, 557, 


1.5-W IC amplifier, 558, 54] 

|.5-W line-operated amplifier, 556 
2-W IC amplifier, 563 

3-W IC amplifier, 558 

3-W stereo amplifier, 557 

4-W stereo IC, 555 

5-W IC, 559 


3 and 9 V supply for testing batteries, 386 
adding transistor to boost tube preamp gain, 


ceramic-input stereo preamp, 560 

converting mono to stereo with wireless trans- 
mitter, 563 

d-c motor speed control, 559 

fet ceramie;cartridgs or microphone preamp, 


low-noise RIAA preamp, 56] 

mono preamp, 555 | 

preamp for magnetic cartridge, 562 

pisane: with RIAA equalization, 556, 560 
IAA equalization for ]C opamp, 56 

stereo cartridge player, 562 

stereo IC preamp, 562 

tone control, 51 

wireless oscillator, 561 


S Phono motor, operating from |2-¥ battery and 


inverter, 447 
Phono preamplifier: 
40-12,000 Hz Darlington IC, 43 
RIAA magnetic-cartridge, 559 
Photochopper, 20-Hz square-wave using neon 
mvbr, 108 
Photocoagulator, pulsed ruby laser energy 
monitor, 344 
Photoconductive cel], Schmitt trigger, 564 
Photoelectric: 
2-A continuous control, 548 
2-A light-operated switch, 565 
18-A a-c power contro! with 700 lux on photo- 
transistor, 576 
2.7-kHz coded-light detector, 317 
2.7-kHz coded light source, 318 
25-object-per-second counter, 579, 582 
15-s pause detector for emptying furnace, 567 
2.2-W auto parking-light turn-on, 66 
25-W lascr, 583 
40-W |2-V adjustable-rate daylight-controlled 
flasher, 254 
60-W universal photoelectric motor control, 524 
240-W light-operated turn-off switch, 573 
240-W light-operated turn-on switch, 566 
$00-W combination turn-on and turn-off switch, 


564 

600-W light-controtied !amp dimmer, 354 

720-W internal-trigger triac control, 571 

860-W lamp control from half to full power, 344 

900-W snap-action a-c threshold switch, 743 

50-foot-range control with polarized light, 577 

&-¥ photocell-Schmitt trigger, 578 

6.3-¥ a-c triac control, 577 

[2-¥ photocell-Schmitt trigger, 581 

24-¥ photocell-Schmitt trigger, 576 

110-V a-c twilight switch, 573 

117-¥ a-c lamp flasher, 257 

120-V a-c 150-W control, 580 

[20-V a-c neon-triggered triac, 580 

120-¥ a-c photocell relay controf, 580 

220-V a-c twilight switch, 567 

amplifier for aw light levels, 584 

angular or linear position indicator, 578 

aperture control, 590 

audio oscijlator for converting indicator lamp 
to tone, 583 

auto lamp failure indicator, 64 one 

background control for 2,400-Hz a-m facsimile, 
526 


> battery-operated night light, 258 
oirglar-discoura jing twilight turn-on lamp, 578 


colorless liquid detector, 572 


Photoelectric (Cont.}: 
conveyor chute jam detector, 572 
darkness control tor 500-W lamp, 354 
darkness-controlled mosfet flasher, 250 
darkness-off switch, 546 
darkness-on switch, 566 
daylight control of |2-¥ flasher, 259 
daylight-off control for t-kW a-c flasher, 253 
daylight-off controf for flasher, 257 
daylight-off portable flasher, 253 
diac-triac a-c power switch, 571 
digital IC control with phototransistor, 134 
direction-of-motion indicator, 570 
direct phototransistor control of relay, 58! 
enlarger exposure meter, 586 
exposure contro! using light-to-frequency con- 

yerter, 147 

facsimile baseband amplifier using Raysistor, 


2! 
feedback for induction motor control, 435 
fet latching relay, 857 
fiber-optics feedback for motor speed control, 


five-range photo-fet photometer, 403 
flash-actuated switch with adjustable delay, 246 
flash-duration sensor, 249 
flashing target for Jight-source gun, 244 
flash-friggered 4-kV serles-scr switch, 298 
frequency doubler with lamp-photodiode Isola- 
fait tion, 529 
ull-wave chopper, |07 

P neadlight turn-on alarm, 64 
high-current load control, 818 
high-gain photorejay, 570 
high-precision speed control for d-c series 

motor using optical feedback, 438 

high-sensitivity amplifier with reduced dark cur- 


tent, 578 
high-sensitivity exposure meter, 587 
v7 high-sensi intrusion detector, 575 
high-sens ty phototransistor light detector, 


hot-strip detector for rolling mills, 549 
IC trigger for silicon photocell, 582 
illumination comparator, 406 
ilumination control, 590 

industrial control ysing IC amplifier, 567 
intrusion alarm using 200-ff beam, 584 
lamp-lascr conveyor-line jam sensor, |33 
lamp preheater for programmer, 345 
lascs-scr light-interruption detector, 579 
lascr slave flash, 248 

laser tachomelan with automatic range change, 


7 
level control for bin, 137 
light-absence detector, 58] 
light-activated counter for conveyar belt, 565 
ight-activated message panel, 211 
light-activated Schmitt trigger, 564 
Hight activated switch with logic-level output, 


light-comparator bridge, 125 

light-controlled Schmitt trigger, 573 

fight-controlled servo drive for shunt-wound 
motor, 708 

light-detecting olarm, 315 

light-interruptiag, control, 574 

light-operated buzzer, 581 

light-operated d-c relay, 575 

light-presence detector, 79 

light probe for blind !ab students, 41 

light-pulse detector, 58] 

light pulse duration measurement, 247 

light-responsive burglar alarm, 573 

light-sensing scr's in ring counter, 173 

light-sensitive fet for door opener, 570, 571 

light sensor with emitter-follower, 571 

light-triggered 6-A triac, 529, 578 

light-triggered lascr-ujt one-shot, 248 

linear ight meter, 405 i 

load turn-off delay with lascr and ujt, 86t 

LS-400 driving 2-mA relay directly, 579 

measuring light intensity and flash energy, 392 

modulated-light curtain and photoelectric con- 
trol as machine guard, 546 

moving-tape reader, 549 

moving-tape reader with Eccles-Jordan 
trigger, 581 

moving-thread detector, 199 

neon-activated timer, 854 

neon-lamp drive for chopper, 107 

neon-scr dimmer, 358 

night light control, 347, 572 

noise lode filament temperature regulator, 


optically programmed laser with ujt preheat for 
lamps, 345 
ptical logic driver, 376, 380, 380, 380 
“optical tachometer, 757 oe 
optoelectronic coupling in age for tube circuit, 


optoelectronic data transmission isolator, 525 

outdoor lighting control, 346 

paper-tape recder using adjustable-hysteresis 
trigger, 903 

phase-sensitive bridge-ser for two loads, 743 

phase-shift oscillator, 410 | 

photocell-controlled reversible servo, 575 

photo-Darlington |-A relay, 580 

photo-Darlington amplifier, 577 

photo-Darlington relay, 579 om 

photo-Darlington relay with amplifier, 577 

photo-Darlington relay with two amplifier 
stages, 568 

photoduodiode preamp, 574 

photo-fet chopped-light detector, 581 


975 


Photoelectric (Cont.}: 

photomultiplier amplifier for ty flying-spot slide 
scanner, 793 

photomultiplier in photometer having linear 
density scale, 588 

Position control, 56? : P 

position detector using rotating phototransistor, 
529 


positioning servo using IC differential amplifier, 
582 


power-switching IC amplifier, 569 
pulsed-tight smoke detector, 527, 568 
punched-card reader for pulsed light source, 530 
punched-card reader using Schmitt trigger, 574 
ramp-and-pedestal illumination control, 575 
Raysistor contro! of 30-mA constant-current gen- 
erator, 184 
regulated power supply for projection lamp, 
5 


relay isolation with photodiode pair, 530 
remote audio volume control, 580 
reversible positioning servo drive, 713 
scr line-operated control, 572 
scr-triac synchronous switch, 565 
ses with relay, 2 
signal level regulator, 126 
silicon-photocell punched-card reader, 568 
silicon photocell with IC differential d-c 
amplifier, 57! 
silicon photovoltaic cell turns off transistor, 566 
sliding-aperture displacement detector, 401, 404 
sound-on-film preamp, 35, 41 
storage bin Jevel indicator, 580 
strobelight slave adapter, 246 
temperature compensation of direct-coupled 
photodiode, 583 
triac control for 6-A load, 576 
twilight turn-on and clock turn-off for window 
isplay, 583 
two-photocell bridge for comparing color 
temperatures of lamps, !25 
two-phototransistor control with regenerative 
feedback, 570 
xenon-flashtube trigger for laser, 257 
(See also Optoelectronics) 
Photoflash: 
a-c¢ high-relfability using scr trigger, 248 
small a-c trigger, 245 
(See also Flash; Photography) 
Photograph: : 
0.160 s enlarger timer, 587 
converting to digital signals with Paramatrix 
and computer, 89, [24 
Photography: 
50-joule flash, 245 
Tus 3-Jamp strobe for color photography of 
hummingbirds, 246 
0.0/~60 s phototimer for enlarger, 590 
0.5180 s timer, 588 
0.6-60 s fet timer, 868 : 
I-s metronome as audible timer, 224 
1+60 s ujt-ser Hmer for 28 V d-c, 585 
5-120 s camera delay, 303 
5-120 s timer for 240-W enlarger, 853, 856 
2 Hz-5 s timer, 858 
%-V photoflash storage battery charger, 83 
converting spectrophotometer transmission value 
to density and exposure, 586 
crosstader for two slide projectors, 352 
developer temperature control, 837 , 
enlarger exposure meter, 586 
exposure control using light-to-frequency con- 
verter, 
7 exposure timer, 590 
fiye-range photometer, 586 . 
high-refiability photoflash using scr trigger, 248 
high-sensitivity exposure meter for night pictures, 


lascr slave flash, 248 

neon film time-code marker, 588 

onesol trigger for single-trace scope photo, 
588 


photoelectric aperture control, 590 
“Z-photoflash with overcharge protection, 248 

photometer for film transmission density, 588 

simple scr trigger for electronic photoflash, 


slave flash using laser in standard flash gun, 
2 


4 
o7imall electronic photoflash unit, 245 
. strobelight stave adapter, 246 
time-lapse control, 585 
time marks with miniature xenon flashtube, 247 
timer for enlarger, 865 
ujt-scr timer for printer, 588 
wide-range photometer, 587 
(See also Flash) 
Photometer: 
five-range, 586 
five-range photo-fet, 403 
four-decade jinear density scale using photo- 
multiplier, 588 
wide-range, 587 
Photomultiplier: 
focslials baseband amplifier using Raysistor, 


warmup temperature control, 86 
wide-band amplifier for tv flying-spot slide 
ete ci eee 
otomultiplier filter, capacitance-multiplying for 
2-kV ane ly, 234 . pe 
Phototimer, 0.01—60 s for enlarger, 590, 869 
hototransistor, in regenerative circuit for high 
current gain, 570 
Photovoltaic sensor, sound-on-film preamp, 4} 
Piano, twin-T "sustain’’ oscillator, 229 
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Pickup, tremolo for magnetic or ceramic, 226 
Picoammeter, battery-operated mosfet, 395 


Piezoelectric transistor, Pitran for measuring strain, 


394, 40 . 

Pilot flame, neon monitor, 4 ee lig 

Pincushion distortion, correction in color tv 
North-South raster, 808 

Pinger, 2—kHz underwater, 908 

Pipe detector, three-transistor, 420 

Pitran, piezoelectric transistor strain gage, 393, 
401 


Plasma density, measurement in microwave cavity 
with age amplifier, 61 
Plato, },200-bps transmit-receive modem, 427, 773 
Plethysmograph, low-frequency impedance- 
measuring, 412 
Pockel cell, 2.810 kV Krytron pulser, 298 
Polar coordinates, converting to rectangular, 102 
Polar display, Hall-effect multiplier for co- 
ordinate transformer, 710 Lae 
Polarity indicator, comparator with three indi- 
cator lamps, 123 . 
Polarized light, photoelectric long-range remote 
controf, 577 : 
police converter, auto radio, 156 
(Police radio, audio amplifier with squelch gate, 
55 
Position control, photoelectric, 569, 575 é 
Position indicator, photoelectric angular or linear, 
578 
Position register, elevator control, 130, 131 
Potentiometer: 
360-deg with zero-reference pulse generator, 
739 
electronic analog for yoltage control, 507 
frequency-calibrated for ujt oscillator, 615 
measuring generated noise with [C opamps, 491 
optoelectronic linear remotely controled, 529 
position display on meter, 2/8 
Power control: 
I-kW with IC and triac, 948 
8-kW resistive load, 128 
triac with Isolation, 746 2 
Power failure, automatic scr switch for |2-V 
emergency lighting, 347 
Power failure alarm, blinking-neon, 5 
Power line: : > 
cancelling noise induced in phone line, 771 
passive filter for rfi suppression, 240 | 5 
Power-line transients, widening and brightening 
network for scope, 104 . 
Power monitor, instantaneous motor output with 
speed-torque multiplier, 762 
Power regulator, 500-W a-c fine, 661 
Power supply: 
|-mA constant-current scr, 180 
30-Hz 117-V for 24-hour clock, 112 
2.4-V reference, 942 - 
2.4-V negative for transistor bias, 240 
3) one? for testing portable tape recorders, 
38 
5-V standard d-c reference, 94! . 
10-V bipolar from single transformer winding, 86 
10-V standard d-c reference, 942 
12.V 500-mA continuously variable, 647 
12~170 V d-c/d-c converter, 14] 
(5-¥ d-c combination battery charger and 
source, 80 7 
24-V d-c with high-speed crowbar protection, 
59: 


3 
90-V from horizontal output of 9-inch tv, 794 
ay d-c from 25-¥ d-c using noise-free inverter, 


88 
300-V voltage-doubling, 245 
375-V d-c from {2-¥ battery, 72 
450 and 800 Y for 100-W amateur transmitter, 


651 
7,500-V a-c or d-c using scr inverter, 299 
12170 d-c/d-c converter, /41 
5-kV ty operating from 5-V penlights, 299 
9.5-kV portable ty, 794 
20-kY scr multivibrator for arc lamp, 297 
20-kV trigger for arc discharge tube, 296 
60:! electronic ripple filter, 238 
250:1 electronic ripple filter, 236 
active filter for 25 V at 0.5 A, 237 
bridge rectifier for IC phono amplifier, 561 
converting single-voltage supply for positive 
and negative outputs, 142 
current-absorbing constant-voltage sink, 3B0 
d-c voltage multiplier, (38 
emergency diesel generator startup, 602 
fast-acting breaker with manual reset, 598 
five-output with single choke, 243 
floating a-c with zener regulation, 940 
monitoring multiple voltage outputs, 936 
phase-controjled d-c, 551 
power-interruption indicator, 4, 5 
silicon rectifier with replacement for tube, 


243 
single diode replaces bias battery, 150 
three-phase scr-fransistor phase control, 84 
three-phase with full-range phase control, 549 
two-tube broadcast-band reflex receiver, 636 
oft oscillator driving neon power-on indicator, 


xenon flashtube, 257 
{See a/so Battery charger; Inverter; Regulated 
power supply) 
Power supply protection: 
5.5-A electronic fuse for 5-A regulated power 
fo supply, 599 
Varian electronic overload switch, 595 
0-W electronic overload circuit, 593 
Va oyerveltoge and overcurrent for 20-A foad, 


Power supply protection {Conf.}: 
current-limiting series transistor, 592 


Hsien overload in power supply, 593 


current overload in series regulator, 592 
d-c overvoltage and overcurrent circult-breaker, 
591 


o fast-acting breaker for power supply, 597, 598 


fault and overload with solid-state circuit 
breaker, 597 

high-speed overvoltage-overcurrent crowbar, 593 

IC load against overvoltages and wrong polar- 
ity, 598 

opamp overvoltage in series regulator, 593 

eyercurcent for transistors in voltage regulator, 


overload for series regulator with single tran- 
sistor, 599 

evenload of power supply by Darlington pair, 
96 


overvoltage circuit breaker, 599 
overvoitage with fuse-blowing sus and ser, 594 
satellite battery against inverter and output 
_ Shorts, 596 
seties-pass voltage regulotor against shorted 
load, 597 
series regulator for airborne military supply, 


series-regulator transistor, 595 

series-regulator transistor with preregulator, 600 

short-circuit for 1C series-type voltage regu- 
lator, 598 

short-circuit on regulated supply, 597 

shorted thyristor electromagnetic clutch control, 


voltage-sensitive relay in voltage regulator, 594 
{See afso Regulated power supply) 
Preamplifier: 

0.5 Hz-300 kHz with high gain-bandwidth 
product, 12 

10~10,000 Hz fet for hydrophone, 911 

10 Hz~3 MHz IC with feedback, 12 

15-Hz infrared radiometer, 317 

15~6,000 Hz movie optical sound track, 35 

20-20,000 Hz audio, 388 

40—12,000 Hz phono, 43 

I-kHz low-noise with fet input for radiation 
detector, 627 

800-kHz millivoltmeter, 393 

0.5-40 MHz bandwidth fet, 13 

3-MHz balanced-input for transducers on long 
lines, 508 

88—108 MHz f-m, 283 

{50-MHz cro horizontal, {02 

150-MHz fet, 631 

adding transistor to boost a-f tube gain, 560 

audio with ceramic-radio input and stereo 
balance control, 580 

bootstrapped differential fet for cro, 104 

b-w ty camera preamp 5.5-MHz low-pass nolse 
filter, 798 , 

cro horizontal deflection with !0X sweep 

expansion, 99 

digital control of gain for two-speed tape 
recorder, 383 

fet audio, 39 

f-m telemetry for retina-brain biopotentials, 


765 
Hall-effect using IC opamp, 508 
hardened for nuclear radiation, 627 
hi-fi monophonic fet. 555 
IC tape record-playback, 387 
magnetic-tape playback IC, 390 
magnalic-tape playback IC with compensation, 


microphone or phono fet, 56] 
plone tape: with RIAA and NARTB equalization, 


photoduodiode, 574 
photovoltaic sound-on-film sensor, 41 
Plumbicon b-w ty camera, 782 
R-C coupled iC video, 19 
sound-on-film, 24 
tape-head IC, 384 
Schmitt trigger in go-no-go voltage-level 
discriminator, 928 
(See also Amplitier; Audio amplifier; Audio 
preamell ier; Phono preamplifier; Receiver; 
ervo; Stereo; Video amplifier) 
Preregulator: 
field-effect current-regulator diode in series 
regulator, 672 
Protection for series regulator transistor, 600 
Pressure (see Measurement; Strain 
Printed circuit, checking conductivity of wiring, 


Print hammer, dual-ser solenoid drive, 617 
Printout: 
computer-driven electric typewriter using 
solenoid drivers, 133 
numerical control for ring counter, 79 
Probe: 


y unity gain 1,200-meg input impedance for cro, 


unity-gain |,000,000-meg input impedance for 
cro, 100 


funlygain two-conductor, 22 
ri 


‘ocess control, f-m sync pulse generator, 612 
Product detector: 
dual-gate fet for ssb receiver, 726 
{C r-f amplifier, 633 
suppressed-carrier using IC i-f amplifier, 636 
Production, go-no-go tester for conductivity of 
wiring, 850 
Production jine, automatic go-no-go tester and 
sorter, [22 
Programmer, ramp generator, 697 


Program tape stepper, noise-immune a-c drive, 
458 


Projection lamp, !50-W in 100-V voltage regulator, 
5. 


Projector: 
photoelectric pickup for sound on film, 24 
tecorded tone commands on tape cassette, 684 
Proportional controt: 
7.5-kW heater, 819 
ramp-and-pedestal photoelectric, 575 
temperature with oscillating opamp, 826 
Protection: 
50-uA d-c meter with shunt rectifiers, 606 
bmAleskags-current detector for appliances, 


300-mA scr circuit breaker, 748 
4-A battery charger with current-limiting lamps, 


16-A scr flip-flop circuit breaker, 605 

t-kW stand-by inverter for a-c line failure, 336 

12-V battery charger, 79 

12-¥ nickel-cadmium battery failure by using 
charger as supply, 80 

against farge d-c input overload, 607 

air conditioner against freeze-up, 829 

ammeter in load current monitor, 400 

AND-circuit voltage monitor for three d-c 
voltages, 939 

appliances from midnight line voltage surges, 
608 


audible blown-fuse alarm, 3 

audio amplifier and speaker, 60! 

audio-powered transistors with inductive feed- 
back, 610 

audio transistors with barreters, 46 

automatic braking of slowed-down 3-phase 
motor, 446 

automatic disconnect for low and high supply 
voltage, 938 

automatic headlight turnoff by ignition key, 63 

automatic ser switch for 12-V emergency light- 
ing, 347 

automotive theft alarm, 64, 65 

bridge rectifier in p-m field alternator regu- 
lator, 657 

carding pacemaker control from 60-Hz pickup, 

3 


cathode-ray tube from filament supply faults, 03 

centrifugal contact switch with transistor, 448 

cold-filament starts in lamp flasher, 250 

current and voltage for nickel-cadmium cells 
during charge, 80 

current overload for 7-15 V regulated power 
supply, 649 

dual redundant crystal ascillator, 540 

electrical shock from capacitors in flashtube 
power supply, 296 

electric combination lock with alarm, 307 

electronic ignition transistor against surges with 
75-V zener, 75 

electronic lgnition transistor against surges with 
{00-V zener, 74 

eliminating switch contact bounce, 6]! 

emergency diesel generator for power-line 
failure, 602, 603 | 

fail-safe fraquency divider, 266 

fail-safe temperature sensor, 832 

failure of three-phase power line, 609 

fault indicator, 5 

eer with power-failure indicating flasher, 


high-frequency galyanometer against overvolt- 
age, & 

high-sensitivity photoelectric for machine tools, 
575 


hold-down circuit for excessive x-ray emission 
from tv power supply, 802 

IC from negative input overdrive, 379 

incandescent lamp failure indicator, 608, 609 

incandescent-|amp starting~current surges, 605 

incandescent lamps with 800-W soft-start 
dimmer, 350 

lamp-lascr conveyor-line jam sensor, 133 

light-putse detector, 581 

load-shunting diode in ser circuit, 606 

loss a information by power failure in flip-flop, 
42 


microammeter with 18-V zener, 606 Z 

monitoring power-line spike with fuse-blowing 
zoners, 937 rer 

motor over-temperature with triac winding- 
temperature sensing, 748 

nickel-cadmium battery against complete 
discharge, 608, 610 

nickel-cadmium cells during fast charge, 78 

opamp overvoltage in series regulator, 593 

opamp with fet in output, 606 

optoelectronic for high-voltage overload, 298 

optoelectronic overvoltage, 10 

optoelectronic undervoltage, 528 

output-stage transistors, 604 

overcurrent for thyristor bridge inverter, 603, 607 

overcurrent in 32-V d-c regulated supply, 646 

overcurrent in thyristor bridge inverter, 605 

overload of 12-Y series regulator, 599 

overvolfage-undervoltage alarm for 28-V d-c 
supply, 4 

overvoltage with mvbr switched by supply 
voltage, 472 

.overvoltage with zener and reed relay, 606 

Paper-feed jam with missing-pulse detector, 3 

peak-reading voltmeter with series diode, 406 

phase sequence detector for three-phase system, 


photoelectric monitor for conveyor pile-ups, 
72 


Protection {Cont.}: 

Photoelectric twilight turn-on lamp for dis- 
couraging burglars, 578 

Power-interruption indicator, 4, 5 

Power supply overheating, 833 

Punch press with modulated-light curtain and 
photoelectric shutoff, 566 

receiver against r-f signal overload, 872 

receiver front end of transceiver by 0.4-s 
switching delay, 875 

regulated power supply with fail-safe redun- 
dancy, 766 

relay contact arc suppression with triac, 678 

relay contacts with transistor-capacitor are sup- 
Pression, 677 

r-f power transistors in G-E 450-MHz trans- 
ceiver, 874, 887 

shocecratt optics with pulse-controlled shutter, 


thyristors in phase angle contro!, 604 
transistors in d-c converter with zener spike 
clipper, 143 
triac against arcing of relay contacts durin 
ioounice, 678 : $ 
variable-delay circuit for tripping overload 
breaker, 645 pping 
voltage monitor for multiple-output power 
supplies, 936 
voltage spikes and surges, 606 
voltmeter with fet and zener, 610 
with diodes for v-o-m current ranges, 608, 609 
{See aiso Alarm; Power supply protection) 
Proximity detector: 
|-tube, 93 
t-f for counting objects on production line, 421 
Proximity fuze: 
electric arming delay, 870 
measuring generator speed with tachometer, 759 
reaction-grid-detector, circuit, 417, 421 
self-destructing delay, B48 
T-|32 mortar shell, 420 
T-I71 mortar shell, 415 
T-172 mortar shell, 415 
T-2005 rocket, 417 
Proximity switch: 


7 100-W programmable-ujt, 


2 
pushbutton touch for elevator control, 92 
ser capacitance control, 91 
transistor with transformer feedback, 74 


Sp. Pseudo-random code generator, 60-MHz phase 


modulator, 428 

Pseudo-Schmitt multivibrator, uncertainty-free 
trigger, 907 

Psychedelic light: 


Ze Hz strobe, 245 


color organ for hi-fi sound, 22) 
music-controlled four-color, 221 
Psychological tester, light-controlled oscillator, 


Public address: 
25-W amplifier, 38 
exclusive-OR gate for many push-to-talk mikes, 


685 
Pulse (see Chopper; D-c amplifier; Flip-flop; 
Gate; Inverter; Latch; Logic; Pulse amplifier; 
Pulse generator; Pulse height analyzer; Pulse 
processing; Pulse shaping; Radar; Switch; 
Trigger) 
Pulse amplifier: 
10-kW 44-transistor sonar, 909 
1,000-V output pulses with low-voltage tran- 
sistors, 294 
boxcar age, 61 
cable-driving, 16 
capacitor charge-discharge, 140 
high-voltage pulses into capacitive load, 8 
(258 also D-c amplifier) 
Pulse and pedestal control, temperature, 836 
ahaha superimposing timing signal for cro, 
1 


Pulse burst generetor, phase-locked with simple 
gate, 292 
Pulse centering, variable amplitude and duty 
cycle, 620 
Pulse code modulation: 
amplitude comparator, 774 
high-speed switch for telephony, 77] 
monostable pulse shaper, 771 
Pulse coincidence detector, scs pair, 202 
Pulse comparator, algebraic adding, 121 
Pulse converter, unipolar to bipolar, 148 
Pulse counter: 
100:{ count-down for 10-kHz input, !73 
bipolar pulses, 176 “ , 
Pulse decoder, improving triggering sensitivity 
with Sensistor, 902 
Pulse detector, simultaneous 50-Y positive, 201 
Pulse divider, giving one pulse for adjustable 
number of input pulses, 167 
Pulsed light source, smoke detector, 527 
Pulse driva, firing scr pair, 741 
Pulsed power, redundancy in spacecraft flip-flop, 
26 


Pulsed video amplifier, self-compressing, 917 

Pulse expander, laser cloud height radar, 361 

Pulse frequency divider, 5:1 using tunnel diodes, 
268 


Pulse generator: 
0.005—0.5 Hz triangular neon, 89% 
0.1-Hz relaxation oscillator, 535 
10-200 Hz ujt for driving solid-state lamp, 527 
150-Hz mvbr with phase-independent sync, 487 
200—~800 Hz yvariable-phase double-pulse, 616 
300-Hz square-wave, 258 
600-Hz mybr with 500:1 duty cycle, 480 
2,400-Hz neon trigger, 9! 


Pulse generator (Cont.): 
I-kHz frequency-calibrated, 415 
\-kHz operating from 3-¥ cell, 537 
{-kHz ujt relaxation oscillator, 614 
ee z flip-flop triggers for two-scr inverter, 
4-kHz square-wave multivibrator, [43 
10-kHz scr with trigger diode, 706 
50-kHz ujt relaxation oscillator, 615 
500-kHz ujt relaxation oscillator, 615 
800 kHz—1.7 MHz voltage-controjled square- 
waye sweep, 925 
0-10 MHz transformeriess blocking, 532 
10-pps adjustable-width, 612 
30-ns width from saturcted-mode one-shot, 481 
{00-ns one-shot mvbr, 484 
600-ns mybr with 200-ns recovery, 478 
Iles 38 ms width controlled by d-c voltage, 


75-s one-shot, 473 

100: pwm, 613 

1,000:1 width adjustment range, 471 

0.2~100% duty cycle for d-c motor control, 460 

160-V at 10 A with magnetic firing of scr, 615 

2-kV using switching transistors, 299 

2.8-10 kV Krytron for pockel cell, 298 

4-kV for portable strobe, 249 

adjustable delayed output, 198 

adjustable-siope trapezoid, 624 

adjustable-width from linear sweep and flip- 

op, 

adjustable-width using two-channel gate, 29! 

adjustable-width with sharp decay, 620 

analog-digital converter, 926 

balloon-borne telemetry, 767 

basic avalanche transistor, 748 

bipolar mvbr, 463 

breakdown-diode relaxation oscillator, 617 

cascaded blocking oscillators, 613 

cascaded one-shot mvbr's permit doubling of 
Pulse width, 482 

chatterless IC switching to clock lines, 379 

cambinailon mono and [50-kHz astable mybr, 


combined with linear ramp, &96 

complementory-transistor mybr, 486 

constant-current with variable frequency and 
duty cycle, 413 

constant-width for variable input, 613 

control for time-lapse photograph: , 55 

controlled-output bipolar mvbr, 463 

converting voltage to pulse width, 616 

current pulses for vertical wires of core-type 
shift register, 717 

delayed clock pulse for alphanumeric crt 
display, {98 

delaytine using transistor in avalanche mode, 


digitalty-encoded reference waveform for cro, 


dual square-wave for testing shift registers, 721 
electronic crap game, 302 
flip-flop drive for solid-state lamp, 347 
f-m for process sync, 612 
as-tube noise source, 492 
rviven thousand-ampere for injection lasers, 


linear control of pulse repetition period, 922 

low-frequency triangular neon, 89 

magnetic rotor-driven for contactless ignition 
triggering, 77 

manual clock pulses for testing, 114 

metronome, 228 

monostable mybr giving two pulses per 
trigger, 464 

Morse-code dot-dash generator, 118 

mvbr with fet for adjustable on-off ratio up to 
300, 414 

my br a linear voltage control of pulse width, 
71 


nanosecond using Krytron switch tube, 6!7 

neon, 859 

neon one-shot with a-c trigger, 617 

optical f-m transmitter, 687 

print hammer drive, 617 

pulse groups or bursts, 616 

pwm, 617 

ramp-triggered rectangular, 36] 

ramp width controlled by input pulse, 700 

rectangular from analog divider, 500 

reset for ring counter, |75 

tunning-text lamp display, 719 

self-powered synchronized, 613 

shutter control for protecting spacecraft optical 
system, 614 

single-dial amplitude control for muttiple 
sources,.614 

square-wave from 400-Hz power, 714 

square-wave JC converter for a-f signal 
generator, 149 

square-wave yariable-width trigger-controlled, 


square-wave with temperature and supply 
yoltage stability, 924 

squib-firing, 612, 615 ‘ 

synchronous output from linear sweep and flip- 
flop, 697 

triangular and square, 897 

ujt relaxation oscillator with tunnel diode, 906 

ujt relaxation with fast fall time, 623 

ujt without start-up timing error, 532 

variable-frequency as ser trigger, 902 

variable-width using fast mono, 481 

variable-width with dpdt relay, 680 

volkage-controlied pulse width, 463 

voltage-frequency converter, 922 


977 


Railroad, model with scr speed control, 304 
Rain, tipping-bucket gage recorder turn-on, 200 
Ramp, time-expanding, 361 
Ramp-and-pedestal control, limited-range 
photoelectric for lamps, 359 
Ramp generator: 
0.1-500 Hz linear at 6 ¥ p-p, 699 
4,000-line vidicon, 780 r 
adjustable rise and fall times for trapezoid, 
62: 


Pulse width modulation (Cont.}: 
d-c servo amplifier, 
duty-cycle discriminator, 714 
fet controts R-C filter, 236 _ 

IC chip using single capacitor, 617 
IC digital voltmeter, 402 
linear using mono mvybr, 695 
pulse compressor or expander with delay, 194 
speed control for d-c motor, 434 
synchronized linear, 616 
Pumping, c-w with xenon and krypton are 
discharge tubes, 298 


Pulse generator (Cont.): 
voltage-sensing, 940 
wide-pulse Darlington-mvbr, 469 
(See also Chopper; Clock; Computer; Flash; 
Function generator: Inverter; Latch; Multivi- 
brator; Noise; Radar; Ramp generator; Re- 
mote control; Sawtooth generator; Signal 
generator; Square-wave generator; Staircase 
generator: Sweep generator) 
Pulse height analyzer: " 
highest peak of 2-MHz video bursts, 929 
peak amplitude of |0-ns pulses, 938 
pulse stretcher for digital voltmeter, 940 Punched-card reader: ; 
See also Discriminator) ccles-Jordan trigger for moving cards, 58! 
Pulse-height detector, core-memory output, 930 (7 Photoduodiode preamp, 574 
Pulse-height modulator, multiplying voltage by ¢ ppulsed light source, 530 
frequency, 429 7 . * Schmitt trigger, 574 
Pulse modulation, converting variable width to sificon-photocell, 568 
analog voltage, 206 trigger circuit for moving cards, 569 
Pulse modulator, |,100~2,600 pulses per second, Punched-tape reader: . 
287 ccles-Jordan trigger for moving tape, 581 
photoelectric using adjustable-hysteresis trigger, 
ae 903 


adjustable slope and duration, 702 

function generator giving time as exponent, 703 

input-controlled width, 700 | 

linear adjustable up to | min, 698 

linear combined with pulse generator, 6% 

Miller-effect, 705 

period-voltage converter, 690 

programmed upslope and downslope, 697 

pulse frequency modulator, 425 

pwm digital-analog converter, 208 

sequential sawtooth waveforms, 754 

source for triangle generator, 894 

symmetrical bidirectional, 70] 

variable-linearity long-duration, 700 

(See aiso Sawtooth) . 
Random-noise generator, 0—I kHz with flat power 

spectrum, 490 

Random-number generator, electronic dice, 300 
Rangompuse generator, noise-triggered mybr, 


Pulse peak detector, 0.2-us, repetitive pulses, 931 
Pulse position control, charge-controlled diode 0. 
circuit, 619 Ziilicon-photocell, 568 
Pulse processing: pirigaer circuit for moving tape, 567 | 
!-min sample-and-hold circuit, 690 ch press, protection with modulated-light 
adjustable leading-edge delay, 194 curtain and photoelectric shutoff, 566 
centering amplitude on d-c ground, 620 Pushbutton, capacitance-actuated for elevators, 
difference amplifier and integrator, 149 90 
7tiver for shift register, 716. ae 
Preserving first pulse of train when switching, 
“sorting by polarity and amplitude, 934 
~ squarer for d-c input voltage, ll 
three-transistor logic level shifter, 377 
Pulser, laser diodes, 362 
{See also Pulse shaper) tuned opamp, 404 : 
Pulse regenerator, mvbr for d-c pulses on analog variable-bandpass active filter, 232 
tape, 383 Bvestcoms detector, b-w ty, 779 


XE detector, remote control of motor-driven toy 
with whistle, 304 Range-changing switch, automatic for voltmeter, 
941 
4 Rate limiter, wideband f-m tape recording, 388, 
@ multiplier: 388 
359-kHz active bandpass filter, 235 Rate meter, improving accuracy with comparator, 
infinite-impedance amplifier, 21 122 
Ratio detector, b-w tv, 789 4 
Raysistor, facsimile baseband photomultiplier 
, Y . amplifier, 524 
Pulse regulator, high-voltage in color tv, 810 uasi-complementary amplifier, 2-W IC audio, 26 Reaction-grid detector, bomb proximity fuze, 417, 
Pulse-saving network, analog signal chopper, 108 uinary memory, modified Eccles-Jordan flip- 42! 
«Pulse selectgr, backward monostable mvbr, 469 flop, 260 Readout: 
@, variable using tunable 0-40 kHz active filter, 10-lamp for biquinary counter, 167 
238 7. decimal using logic diodes to switch neons, 216 
eceiver: 
4—16 kHz vif whistler, 633 
(5-kHz magnetic for remote control of garage 
door, 684 
100-kHz crystal calibrator with harmonics to 150 


~" Pulse sequence detector, scs pair, 203 
Pulse shaper: 

lé-ns triggering spikes from rectangular 
pulses, 903 . 

0.{-|0 width compression or expansion, 194 

adjustable-width, 619 

amplitude-stretching with zener diodes, 120 

bidirectional clipper, 622 

coax with inductive load, 618 

complex-function generator, 621 

constant duty cycle for varying frequency, 623 

converting square wave to sharp pulse, 613 

differentiator for changing triangular to square 
wave, 735 7 

eliminating step droop in staircase generator, 


Radar: 

5-MHz delay-line clock synchronized with turn-on 
gate pulses, [16 

30-MHz stagger-tuned amplifier with [5-MHz 
bandwidth, 916 rf 

converting ppi display to X-Y display, 102 

crystal oscillator for binary frequency 
generator, 540 

Hall-effect multiplier for ppi display, 9/0 

highest-peak detector for 2-MHz bursts, 929 

Krytron modulator for ktystron or magnetron, 


429 
laser cloud height, 361, 361, 361, 364, 365 
pentode mixer for binary exciter, 148 
ppi sweep generator, 03 
pulse-driven test lamp for troubleshooting, 846 
return-signal grass simulator, 489 
unity-gain buffer amplifier for video processor, 


q, 

0.5-40 MHz broadband power-fet front-end 
amplifier, 16 

1/0-135 MHz two-transistor aircraft, 62? 

150-MHz fet preamplifier, 631 

6-meter converter, |52 

5-W car-radio audio amplifier, 630 

6-W car-radio audio amplifier, 634 

12-transistor a-m portable, 629 

a-f tone for |2 monitoring points, | 

alignment with 100-kHz square-wave IC fre 
quency standard, 176 

all-silicon four-stage a-m, 634 

a-m IC, 631 

a-m mosfet reflex, 632 

a-m varactor-diode tuning, 632 

audio amplifier IC for car radio, 321 

automatic turn-on of CCTY by video signals, 481 

CB transceiver, 875 

ceramic filter in 455-kHz i-f, 312, 313 

combination a-m detector and squelch, 56 

crystal voltage doubler, 635 

digital data over long lines, 371 

digital line using analog comparator, 513 

diode-bridge t-r switch, 876 

direct-coupled audio ovtput in Sony a-m 
portable, 35 

double-triode squelch, 55 

envelope detector, 637, 637 

fast turn-on of oscillator by control of p-i-n 
diode, 637 


expanding 5-xs pulse to 300 ws with mybr, 622 
Increasing rise time of square-wave generator, 


inductance speeds fall time in ujt relaxation 
oscillator, 623 
leading-edge sharpener with charge-controlled 
diode, 619 
monostable tunne!-diode for pcm telephony, 77! 
ramp-triggered rectangular, 36] 
regeneration of tone-modulated 4-kHz 
subcarrier bursts, 767 
scr ampiifier for leading edge of pulse, 623 
scs for driving ting counter, 165 determining hardened scr storage time, 625 
shortening exponential decay, 620 determining hardened transistor storage time, 
sinusoidal to trapezoidal, 623 626 
square-sine converter, 233 Geiger counter with printed-circuit capacitor 
square wave to adjustable-slope trapezoidal, switch, 627 
624 hardened flip-flop, 627 
hardened transistor preamp, 627 
{C bistable trip alarm, 628 
low-noise fet preamp for high-impedance 
detector, 628 
portable Geiger counter, 628 frequency-selective using resonant reed, 687 
scintillation survey meter, 626 gain-boosting i-f module with detector, 636 
unhardened flip-flop, 625 fri f-m i-f with IC's, 633 
Radiation control, scs with relay, 2 i-f amplifier 1C chip with detector for car 
Radiation detector: radio, 324 
I-kHz low-noise preamp, 627 neon unattended-station call indicator, 367 
infrared thermometer for 100 to 500 C, 316 optoelectronic age with 10-dB control range, 62 
single-transistor flip-flop, 263 optoelectronic age with I5-dB control range, 
Radiation survey meter, mosfet replaces electrom- 62 
eter tube, 628 ” 
Prodio, suppressing power-line rfi, 240 


(See also Comparator; Converter; D-c amplifier; 
Display; Frequency multiplier; Gate: Oscil- 
lator; Regulated power supply; Sweep; 
Trigger; Video) 

Radiation: 


trailing-edge sharpener with charge-controlled 
diode, 619 
(See also Pulse processing) 
Pulse sharpener, sus with capacitor, 618 
Pulse sorter: 
minimum width using bootstrap detector, 200 
polarity and amplitude, 934 
Pulse stretcher: 
100,000 times with scs, 623 
constant-width pulse generator, 613 
delay-line-controlled flip-flop, 197 
fast-rlte pulses for measuring peak amplitude, 


fet with transistors, 619 
mosfet 2,000-times, 618 
NOR gate, 375 


overload protection with simple t-r switch, 872 
Phase-sensitive detector, 636 
product detector, 633, 636 


Peak-holding for narrow spike, 621 
radar video for driving test lamp, 846 
ramp-triggered rectangular, 36| 

relay on-time stabilizer, 736 
scr-diode, 620 

skin-stimulating vibrator, 41} 
Unity-gain opamps, 622 


Pulse train: 


fadiustable-ratio frequency divider, 267 


facie comparator using shift register, 122 
uU 


se train detector, combined with counter, 932 


froise train generator, cascaded blocking 


oscillators, 613 

Pulse width discriminator: 

2-ms pulses, 201 

rejection of narrow noise pulses, 492 
Pulse width modulation: 

1-kW d-c amplifier, 189 

100:] contro} of one-shot, 613 

28-V d-c flyback switching regulator, 673 

38-V d-c 5-A switching preregulator, 640 

200-V d-c switching regulator, 659 

analog comparator, 729 

controlling gain of opamp by chopping, 59 


978 


odio astronomy, 300-MHz wideband correlator, 
Radio control: 
reversing motor for garage-door opener, 682 


we Ah reat receiver for garage-door opener, 685 


adio-frequency interference: 


(Avoiding with scr-triac synchronous switching ot 


current zero, 565 i 
elimination with triac zero-voltage a-c switch, 
94 


minimizing with zero-voltage switching, 749, 951 


fsuppressing triac-generated, 24t 
7sup pression in switched inductive loads, 492 


suppression with I-kW synchronous switch, 742, 
744 
suppression with 240-W synchronous switch, 745 


7seppression with damped r-f filter in 600-W lamp 


dimmer, 358 


suppression with L-C filter for scr or triac, 241 


Radiometer: 

15-Hz nuvistor preamp, 317 

noise-calibrating source, 492 
Radioteletype, audio-frequency shift keyer, 120 
Radio treasure finder, three-transistor, 420 
Radium, portable Geiger counter, 628 


pulse-decoding with improved trigger sensitiv- 
ity, 

self-oscillating fet a-m converter, 151 

selfoscilicting mixer IC with age for car radio, 


single-Compactron alJ-wave using regenerative 
detector, 63 

single-IC portable a-m broadcast, 630 

six-frequency crystal calibrator, 274 

squelched audio gate, 55 

ssb distortion monitor using cro, 724 

ssb optoelectronic avc, 723 

ssb two-tone test oscillator, 726 

three-transistor a-m, 635 

troubleshooting with 200—2,000 Hz 1C square- 
wave signa! injector, 851 

ter switch, 876 

two-tube broadcast-band reflex, 635 

two-tupe broadcast band reflex power supply, 


vif using Darlington @-multiplier, 635 

{See a/so Audio; Converter, radio; Intermediate- 
frequency amplifier; Limiter; Preamplifier; 
Remote control; Transceiver) 


Recorder: 

age for tape recording, 381 } 

amplitude and rate-of-change limiter for wide- 
band f-m tape recording, 388 

automatic rain-gage turn-on relay, 200 

automatic tape reversal, 386 

automatic telephone switch, 773 

beep generator for telephone conversations, 769 

bias osciflator for magnetic tape, 391 

constant-speed constant-tension magtape d-c 
drive motor:contro), 433 

d-c motor speed control by synchronous oscilla- 
tor, 559 

digital control of preamp gain, 383 

f-m modulator for tape, 383 

high-speed strip-chart for ultrasonic cardiology, 
407 


IC logamp-opamp drive for strip chart, 763 
magnetic-tape IC preamp, 386, 387 
momentary-peak limiter for each stereo 
channel, 389 
peak detector for tape-head bipolar pulses, 385 
peak-holding circuit for pen recorders, 936 
pulsed laser photocoagulator energy, 364 
pulse-regenerating mvbr for playback, 383 
reduced-dissipation diode limiter for wideband 
f-m tape recording, 388 
scr driver for multiple pen loads, 750 
servo-driven pen for strip chart, (08 
three-range automatic scale changer, 931 
yoice-controlled, 49 
(See also Tape recorder) 
Recording level, indicator for stereo tape 
recorder, 384 
Recording level control, automatic in cassette 
tape recorder, 387 
Record player: 
a 3-W amplifier for crystal pickup, 558 
3-W amplifier with bass and treble controls, 49 
Rectangular-wave generator (see Pulse Generator; 
Square-Wave Generator; Multivibrator; Flip- 
Flop; Oscillator) 
Redundancy: 
fail-safe regulated power supply, 766 
pulsed micropower flip-flop for spacecraft, 264 
Reed relay: 
controlling lockup time of power relay, 676 
damped audio tone generator, 677 
stabilizing feedback audio oscillator, 533 
two-frequency audio decoder, 676 
zener for IC overvoltage protection, 608 
Reed switch, bilateral scr for full-wave contro! of 
a-c load, 137 
Reference amplifier, 12-V precision regulated 
power supply, 638, 642 
Reference voltage supply, KS77 with 5-mA current 
regulator, 664 
Reflex circuit: 
a-m broadcast receiver using mosfet, 632 
two-tube broadcast-band receiver, 635 
Refrigerator, protection from midnight line surges, 


Regenerative amplifier, |0-W for astable flip-flop, 


Regenerative feedback, two-phototransistor 
control, 57 

Regenerative load, scr power absorber, 452 

Regenerative switch, demodulator for pulse- 
modulated sine-wave carrier, 765 

Regenerator, mvbr for d-c pulses on analog tape, 


8 
Regulated power supply: 

I-mA constant-current, 180 

5.5-A transistor-protecting electronic fuse, 599 

0-15 V at 0.5 A for transistor circuits, 641 

0-20 ¥ d-c at 200 mA, 644 

0-250 Y d-c at 0.1 A using IC regulator, 650 

0400 V neon, 649 

0.1—30 V at 500 mA with zener, 647 

(-V a-< from inexpensive lamp bridge, 85 

4-V series regulator for 5.5-V penlights in 1.5- 
inch ty, 795 

4.5—:/2V d-c at | A, 652 

5-V at 180 mA using fet in place of zener 
reference, 943 


Q.2-V reference, 945 

8.555-V cascaded zener reference, 941 

9 to 14 V dec, 639 

9—25 ¥ at 100 mA, 471 

95-14 V dec, 641 

10-V at 250 mA, 645 

10-¥ with AND-gate switching regulator, 644 
11=32 ¥ d-c at 700 mA, 640 

11~32 V d-c with overcurrent protection, 648 
1250 V dec, 650 

12-V at 0.5 A, 653 


12-¥ d-c for 1424 V dec, 671 

12-¥ low-ripple at 35 mA, 652 

12-¥ precision using reference amplifier, 638, 642 

12-¥ using spare IC gate, 646 

{2-¥ yariable-voltage, 643 

eae single-transistor overioad protection, 
~¥ bipolar using shunt regulator, 638 
VY using audio {C as contro! element, 652 


|-¥ with short-circuit protection, 597, 597 
poliserlee: pase with short-circuit protection, 
20-¥ at 100 mA, 645 


R 


a“ 
y 


egulated power supply (Conf.): 

20-V for laser firing pulse controj, 363 

20-¥ for transistor stereo amplifier, 643 
Bes blocking-oscillator switching-voltage, 


24 and 100 V using capacitor-diode multipliers, 
645 


25-¥ bipelar with 35-¥ unregulated, 44] 
28-¥ shunt, 469 
28-¥ shunt d-c, 666 

30-V¥ adjustable series-type, 657 
30-V at | A for ty camera, 778 
30-V with balanced 50-V unregulated, 648 
38-V d-c pwm 5-A switching preregulator, 640 
100-¥ d-c using IC opamp, 647 

100-¥ optoelectronic, 525 

100-¥ rms for projection lamp, 530 

160 and 164 V neon, 642 

170-V d-c using isolation transformer, 646 
250-V 60-mA compactron, &53 
270-Y using gas trigger tube, 648 
350-V with separate 0-35 V bias supply, 639 
800-¥ and 450-Y for 100-W transmitter, 654 
7-k¥ pulse for gas-tube noise source, 492 
10-kV d-c at | mA, 295 
$3 scr for consumer equipment, 451 
a-c with phase contro! of scr’s, 640 

current overload protection, 593 
dynamic load tester, 847 

factronic slot machine, 305 
floating a-c with zener, $40 
low-voltage d-c without transformer, 650 
low-voltage neon differential regulator, 648 
low-voltage neon regulator, 645 
overcurrent protection, 592 


Paoretload protection by Darlington pair, 576 


o 


overload protection with current transformer 
and scr, 592 

overvoltage protection of load with zener and 
reed relay, 606 

photoflash with overcharge protection, 248 

Preregulator protection for series transistor, 600 

protective limiter for series regulator, 591 

series-regulator short-circuit protection, 595 

series type with transistor as Voltage reference, 


short-circuit protection for series regulator, 598 
six-voltage d-c for six-decade scaler, 160 
sic-voltage d-c for transistorized desk calculator, 


three-phase with common triggering, 552 

three-phase with full control of d-c output, 548 

transistor as bleeder for choke-input filter, 651 

zener bridge with magnetic-resonance current- 
limiting, 653 

(See also Power supply) 


Regulator: 


5-mA direct current in reference voltage 
supply, 664 

70-mA d-c two terminal, 666 

70-mA d-c using biasing diodes, 673 

70-mA d-c using single diode, 672 

70-mA d-c using zener, 670 

{50-W lamp voltage, 663 

500-W a-c line voltage, 451 

0-15 ¥ d-c at 10 A using IC and four 
transistors, 646 

0-20 V d-c at | A with current-limiting for 
overloads, 655 

0-40 ae at 0.5 A using IC and two transistors, 


66 
0-250 V d-c at 0.1 A, 650, 666 
2.7-V low-cost mercury-cell replacement, 654 


3.4-V d-c temperature-stabilized, 656 

4.5-V d-c at 100 mA for logic circuits, 668 

5-V _ using IC difference amplifier and zener, 

5-V d-c for high-current logic, 661 

5-V d-c with 100-mA current sink, 664 

5.6-V d-c zener with power transistor, 669 

6-V d-c high-efficiency for IC circuits, 667 

6.2-V d-c with power zener, 942 

6.5-V d-c stabilized with constant-current source, 
658, 670 

9-25 V d-c at 100 mA, 67) 


10-¥ d-c at 200 mA using current-regulator diode 
as preregulator, 672 

10-12 V d-c from !4 Y, 668 

ney de with constant-current fet raference, 


{1-¥ d-c constant-current transistor-zener, 182 

12-¥V d-c of 50 mA from 18 Y, 663 

12-V d-c at 360 mA from 18 V, 667 

12-¥ d-c at 360 mA with low ripple from 22 Y, 
671 

12-V d-c double-diode with emitter-follower, 667 

12-V d-c shunt diode with emitter-follower, 668 

12-V d-c supply, 671 

[2-V d-c using multi-pellet diode, 663 

12-V d-c using series transistor with zener, 657 

{2-V d-c using spare IC gate, 

12-¥ d-c with temperature compensction, 664 

$2.4-V d-c using constant-current source and 
differential amplifier, 944 . 

14.5-Y bipolar with opamp overvoltage protec- 
tion, 

{5-V 5-A d-c switching at 20 kHz, 665 

{5-V d-c at 40 mA, 659 

15-¥ bipolar ducl tracking, 67! 

15-V d-c linear series-shunt, 648 

I5-V d-c short-circuit-stable, 662 

i5-V d-c using audio IC as control element, 652 

19.5-V d-c series-pass with short-circuit protec- 


tion, 597 
inverted-output switching-voltage, 6&7 
switching voltage, 660 


Regulator (Conf.): 
tone with IC as short-circuit-proof regulator, 


5! 
27-V d-c with current limiting, 670 
28-V d-c 100-W flyback switching, 673 
28-V shunt d-c, 686, 669 
30-¥ series-type d-c, 657 
38-V d-c 5-A pwm switching, 640 
75—150 V d-c neon regulator, 673 
100-V d-c at 0.3 A from 150-V d-c unregulated, 


$60 

100-V d-c at 4 A with constant-current preregu- 
lator, 654 

100-V rms with photoelectric feedback for pro- 
jection lamp, 530 

120-¥ a-c, 642 

120-V two-lamp neon regulator, 665 

200-¥ d-c pwm switching, 659 

290-V d-c series, 6697 

300-V three-lamp neos regulator, 666 

400-V neon, 671 

a-c line voltage compensation, 669 

a-c fine voltage with phase control, 551 

adjustable-output IC for 5-V fogic supply, 655 

adjustable zener using two transistors, 942 

alternator for charging 12-V auto battery, 659 

alternator having p-m field, 657 

outomotive alternator, 68 

automofive alternator voltage, 658 

color tv high-voltage, 810 

constant-current for 6.5-¥ voltage reference, 942 

constant-current for solid-state lamp, $82, [82 

constant-current optoelectronic, (81, 184 

constant-voltage sink for clamped logic circuits, 
8 


d-c/a-c mobile supply, 140 

d-c step-down switching. 656 

d-c voltage used as audio power amplifier, 43 

d-c voltage with protective relay, 594 

direct current in stabilized d-c supply, [81 

dual positive and negative outputs, 658 

dual-voltage using single zener reference, 656 

extending zener range with constant-current 
diode, 669 

fet constant-current source for zener, 181 

high-current neon regulator, 668 

IC opamp for output above zener, 662 

1G opamp for output below zener, 656 

IC switching, 660 

IC switching for Nixies and TTL, 672 

Ic veltoge with npn current-boosting transistor, 
662, 644 

IC with thermal overload protection, 655 

lamp filament voltage, 65! 

long line compensation with positive feedback, 


negative switching-type using IC with feedback, 


noise diode filament temperature, 491 

oscillator signal amplitude, 923 

p-m battery-charging alternator, 657 

positive switching-type using IC with feedback, 
57 


prestabilization with zeners, 665 
proportional |2-¥ d-c at 2 A from |7-V dec, 661 
reducing output impedance at 100 kHz for 
servo, 668 
ser for 12-V battery charger, 79 
ser switching mods regulator, 655 
series in 10-W a-c inverter for mobile 10-W 
_load, 338 
series in high-power pulse Generator, 733. 
series pass in audio amplifier protection cir- 
cuit, 40} 
series-transistor using |C opamp for error 
sensing, 659 : 
aimulcied 1.5-V zener action with two transistors, 
6 


single-transistor constant-current, 183 

speed for miniature d-c motor, 455 

spike-suppressing in mobile transceiver, 887 

switching-mode series for 12-V d-c at 2 A from 
17-V dec, 662 

temperature compensation for reference zener, 
672 


(See ofso Current control; Regulated power 


supply) 
Regverter, I2-V d-c fo |15-V a-c at 400 Hz, 140 
Relaxation oscillator: 
60-Hz in ty vertical deflection, 793 
I-kHz operating from 3-V cell, 537 
100-kHz ujt-crystal as clock, 116, 116 
portable d-c motor speed control, 559 
ujt for adjustable-period switch, 749 
{See also Oscillator) 
Relay: 
}-kW flasher, 251 
0.01—60 s turn-off delay for garage light, 869 
5-s repetitive timer, 867 
8-s Darlington-pair time delay, 862 
\-V differential with mosfet, 676 
activated by fet touch switch, 93 
a-c with transistor-bridge control, 680 : 
arc suppression with transistor and capacitor, 
677 


7 
audio-actuated for turning on tape recorder, 
b 


automatic rain-gage recorder turn-on, 200 
battery charger undervoltage-overvoltage, 82 
code keying, {20 

contact are suppression with triac, 678 

d-c with transistor control, 675 


ye direct phototransistor control, 581 


dual resonant-reed as two-frequency audio 
decoder, 676 


of estoms lock, 688 


979 


Relay (Cont.)}: 
fet Nabl-activated timer or moisture detector, 
7 


four-position stepping replaced by scr's in cas- 
cade, 47? 

high-sensitivity photoelectric, 575 

isolation with photodiode pair, 530 

jomp display driven by single transistor, 674 

latching neon memory switch, 367 

latching with contact alternation by pulses, 675 

light-operated d-c, 575 : 

monitoring contact chatter with scr discontinuity 
tester, 842 

mybr-driven for 3-Hz flasher, 252 n 

mybr-pulsed for generating step function, 677 

neon as 20-min flip-flop, 677 

neon contact-closing-sequence indicator, 678 

neon latch for momentary contact, 368 

neon-operated timer, 864 

one-shot driver for 50-s pull-in per minute, 679 

photocell-activated in neon timer, 854 

phofo-Darlington, 579, 580 

photo-Darlington with amplifier, 577 

photo-Darlington with two amplifier stages, 568 

pulse-controlled magnetic latching, 675 

pulse-stretching, . 

teed with zener for IC overvoltage protection, 
60 


resonant-reed as pulsed and audio tone gen- 
erator, 677 
resonant-reed contralling lockup time of power 
relay, 676 
resonant-reed for stabilizing feedback audio 
oscillator, 533 
r-f signal activated for receiver protection, 872 
scr as power flip-flop, 256 
ser for remote control of a-c load, 686 
scr high-power, 263 
sequencing of pull-in for n units, 674 
self-latching with 10 ms—I0 min delay, 869 
signal-operated, 678 
solid-state chopper-driver, 106 
solid-state circult breaker, 597 
solid-state with thermocouples for temperature 
control, 825 
sound-activated (9), 304 
peed-up of pull-in, 679 
Fate in bridge as production-line resistance 
checker, 674 
y7iepper with 10-min timer, 676 , 
suppressing turn-on and turn-off transients, 492 
telephone with scr for homing stepper, 680 
v temperature control using bridge and scr, 835 
thermal-delay in free-running ring counter, 17! 
time-delay with adjustable turn-on control, 703 
tranststor-activated in neon timer, 862 
transistor drive speeds recovery, 680 
transistor power driver, 676 i 
triac conidet protector against arcing during 
, bounce, 678 
triac trigger control, 746 
two-pulse lockout for counter, 675 
ultrasensitive solid-state for temperature con- 
, trol within 0.02C, 826 
voice-controlied, 49, 306 
voltage-sensitive for protecting d-c voltage 
regulator, 594 
Relay circuit: 
dec yoltage monitor, 937 
Programmable ujt with 60-s delay, 856 
remote-control phase selector, 744 
elay driver, 25-ms pulse generator, 736 
Remote control: 
#300-W with triac, 686 
‘B-kHz magnetic receiver, 684 
eke magnetic transmitter, 684 
alectronic Tock, 686 
One ustve OR gate for many push-to-talk mikes, 


gain of audio compressor, 682 

garage-door radio, 682, 685 

solated low-voltage switch for triac, 686 

lamp. burnout indicator for three-way switches, 
8 


Minitone in frequency-selective receiver, 687 
moterarven toy with whistle and PXE detector, 


neon switch for audio channel, 55 

optical f-m transmitter, 687 

optoe ettronle potentiometer, 529 

photoelectric audio volume, 580 

pelarizedslighi photoelectric with 50-foot range, 
7 


pulsed-light beam transmitter, 683 

pulsed-light receiver, 681, 688 

recorded tone commands on stereo tape cas- 
sette, 684 

rectifier-triac for I-kW resistive loads, 133 

resonant-reed tone generator, 682 

ser, 368 

ser for a-c load, 686 

scr static d-c contactor using momentary 
switch, 745 

solid-state switch with bilateral trigger, 682 

three-mode mvbr, 685 

tone-actuated bilateral ser, 384 

touch-sensitive capacitance-control switch, 94 

transistor ampliffer, 7 

transistor static d-c contactor using small 
switch, 746 , 

tuned-relay pulsed-light link, 683, 688 

twin-T resonant a-f amplifier, 683 

two-frequency crystal oscillator, 543 

ultrasonic multiple-channel single-IC, 685 

video turns on all CCTV receivers, 681 

{See also Control; Motor control; Receiver; 
Telametry; Transmitter) 


980 


Remote measurement, Twintron a-f oscillator for 
tone communication, 534 
Reset, two-transistor for integrating opamp, 503 
Resistance: 
aural continuity tester, 838, 845 
detecting 0.!-ohm changes with static relay in 
bridge, 674 i ‘ 
go-no-go checking fer printed-circuit wiring, 
850 


Resistance measurement, lamp voltage regulator, 
663 


Resistor, active using IC opamp, 518 | 
Resistor grader, window comparator with bridge, 
124 


Resolver: 4 
cascaded phase-splitting filter for 1-100 kHz, 
242 


phase-splitting filter for I-3 kHz, 240 
Resonant amplifier, 520-Hz twin-T resonant, 21 
Resonant-reed relay, two-tone control of triac, 

367 


Respiration rate, monitoring with staircase 


generator as counter, 410 
Resynchronizer, clock signal for NRZ data input, 
112 


Reversal, d-c mofor with ser pair, 457 

R-t (see Radio frequency} 

RIAA equalization, phono preamp, 556, 540, 541, 
562 


Ring circuit, four-scr replaces stepping relay, 
679 


Ring counter: 

100-W scr with lamp loads, 168 

all-IC straight binary ripple-carry, 164 

biquinary with readout, |7] 

cathode-coupled scr, 158 

common-cathode sus with rate-effect-suppression 
resistors, 162 

contro} for numerical printout, 179 

drive for multi-digit numerical indicator dis- 
play, 214 

amitter-couplect complemented ftip-flop trigger, 
9 


four-layer diodes with lamp loads, 162 

four-stage ujt, 172 

free-running using thermal delay relays, 17! 

high-current 2-kHz, 175 

lamp-driving, I71 

lamp-driving ses, 165 

lamp-driving scs with automatic reset, 177 

light-sensing scr's, 173 ? 

low-cost using programmable uijt's, 169 

Manley-Buckley decimal to 999 using neon glow 
tamps, 176 

neon decade, 177 . 

ine using planar pnpn switches as drivers, 

74 


ixie with automatic reset, 173 
numerical display with memory, 178 
regenerative shift register, 721 
“reversible sbs, 176 
reversible scs, 160 
ser cathode-coupled, 164 . 
scr's for flashing lamps sequentially, 258 
ses for driving numerical printout, 162 
scs for low-current lamps, |75 
ses pulse-shaping driver, {65 
scs reset pulse generator, 175 
scs with sequential timer and inhibits, 864 
sus driving incandescent lamps, 178 
synchronous AND gate as driver, 166 
synchronous AND gate with additional delayed 
AND inputs, 174 
synchronous AND gate with delayed OR, 174 
three-stage scr, 164 
variable timing, [72 
(See also Counter; Scaler) 
Ring demodulator, ssb diode bridge, 724 
Ring divider: 
five-stage for sine waves, 270 
three-stage sine-wave, 269 
Ringing, twia-T audio oscillator for bongo sounds, 
227 


woRipple counter, DTL NAND gate, 178 
ain filter: 
60:1 electronic for 28-¥ d-c output, 238 


250:1 electronic for 28-¥ d-c output, 236 
Rocket, converting roll rate to d-c output, 146 
Rocket ignition, squib firing circuit, 612, 615 
Rolling mill, photoelectric hot-strip detector, 569 
Roll rate, converting to d-c output in rocket or 

spacecraft, 146 : : 3 
Root-mean-square, averaging with squaring 
modules and opamps, 518 
Rotator, characteristic curye of component, 8 
Rumble filter, combined with audio noise filter, 
231 


Running-text display, shift register using trigger 
tubes as lamps, 718, 718, 719 


Safety control: 
oii-kHz coded-light detector, 317 
ae coded light source, 318 
ample and hold: 
10-MHz using iC opamp, 694 
| min for data pulses, 6% 4 
boosting accuracy and speed with matched 
transistors, 674 
eliminating leakage with mosfet pair, 695 
fet boxcar, 694 : 
fet with opamp buffer for any loading, 493 
improving accuracy with dual transistor at 
opamp input, 69! 
inverting, 695 t 
modificatian of gated low-pass filter, 692 


mosfet gate driver increases dynamic range, 689 


Sample and hold (Cont.): 
mosfet transient-free linear gate, 289 
period-yoltage converter, 690 
switched integrator, 690 
twe-mode with electronic switch and opamp, 


voltage to pulse-width converter, 616 

Semplesandtold integrator, age for pulse ampli- 
jer, 

Sampling: 

30-Hz sine wave with IC opamp, 694 

80-s timer, 692 

10-¥ signals without drive transformer, 393 

peer rey pees for 45-MHz logarithmic ampli- 

ier, 


J data pulses, 690 


fet with error-reducing opamp modification, 
5 
gating photomultiplier for spectrometry, 690 
igh'speed IC integrator with sample and hold, 
high-speed with simplified circuit, 695 
hold circuit, 691 
hold using two opamps and gating logic, 491 
RC multiplication in 100-s timer, 689 
series-switched digital filter, 693 
switched integrator, 691 
Ma using low-cost ujt oscillator, 692 
wideband with long hold, 689 
Satellite (see Spacecraft) 
Sawicath, fet in subqudio to GHz sweep oscillator, 
Sawtooth generator: 
0.005—-0.5 Hz neon, 894 
0.1~500 Hz linear, 699 
51,500 Hz neon for time base, 701 
& Hz=450 kHz for scope drive, 707 
10—1,000 Hz constant-amplitude, 705 
101,000 Hz sweep from 10-kHz input, 697 
30 Hz—750 kHz linear veo, 897 
80-800 Hz from sine-square-triangular input, 


696 
80800 Hz from square wave, 699 
(0a ote Hz ujt for electronic organ, 


400-Hz linear neon divide-by-2, 268 

{-kHz synchronized neon, 703 

1.76-kHz for electronic organ, 228 

LS \0-kHz ser with trigger diode, 706 

!0-s sweep, 699 

I-min adjustable linear ramp, 698 

100,000:1 frequency range yco drive for stepping 
motor, 92 

I-kW d-c amplifier using pulse-width modula- 
tion, 189 

200-mY trigger inpyt, 702 

{0-V linear sweep, 706 

active load for Miller sweep, 706 

adjustable-slope, 702 

adjustable-width, 701 

a-f ist network tester using log-log cro display, 


analog-period converter, 763 
astable-mybr, 707 
Bor. matrix generator for numerical display, 


bootstrap with capacitor feedback, 704 

bootstrap with R»C integrator for second-order 
linearity compensation, 697 

bootstrap with zener feedback, 704 

time-of-occurrence generator, 867 

b-w fy field oscillator, 800 

cascaded ujt for linear frequency sweep, 706 

character generator and crt sweep, 754 

canstant-current sweep, 704 

constant-current with variable frequency, 413 

controlling time-delay relay, 703 

converting triangular-wave output of opamps, 


surren sweep with common-collector amplifier, 
8 


dec linaar-lagarithmic converter, 146 

digitally controlled, 704 

dual-neon, 704 

flip-flop drive, 699 

f-m madulator for tape recording, 383 

iC chip using single capacitor for pwm, 617 

improving linearity with two ujt's, 697 

independently variable dual-rate ujt, 707 

linear ramp with pulses, 696 

Miller-effect ramp generator, 705 

servo-cantrolled ramp, 697 

symmetrical bidirectional, 70! 
temperature control with proportional zero- 

voltage switching, 827 

three [C difference amplifiers, 894 

time ramp, 703 

transistor current sweep, 703 

trapezoidal sweep, 696 

ujt locked to line frequency, 70! 

varfable-linearity ramp, 700 

voltage-controlled width, 700 


7 eltage frequency transducer drive, 700 


(See aiso Ramp generator; Sweep) 
S-band multiplier, step recovery diode, 884 
Scale changer, three-range automatic for pen 
recorder, 931 
Scaler: 
4-kHz_ cold-cathode six-decade stepping tube 
with reset, 172 
2:1 for counter input pulses, 271 
power supply for six-decade, 140 
Scaling adder, IC opamp, 519 
Scaling circuit, automatic range-changing for 


~~” voltmeter, 940 


Scanner, ty flying-spot slide photomultiplier 
amplifier, 793 


Scanning radar: 
crystal oscillator for binary frequency 
generator, 540 
mixér for binary frequency generator, 148 
Schmitt trigger: 
7 30: Miz digital counter for CB, 278 
I-kW d-c amplifier, 189 
200-mY for IC sweep, 702 
automatic go-no-go voltage for 5.55.8 V pass. 
band, 928 
controlling laser firing pulse intervals, 363 
fast audio squelch, 54 
frequency meter for scope, 277 
high-input-impedance differential, 903 
light-activated, 564 
iller-effect ramp generator, 705 
monostable pulse shaper for pem telephony, 771 
Paired differential-input signal detector, 201 
Paired for detecting low-level signals, 202 
Paired in voltage-band detector, 203 
Photocell-controlled night light, 572 
/ photoelectric servo, 590 
pseudo 500-MHz without uncertainties, 907 
reliable single-pulse generator, 734 
(See also Trigger 
Scintillation meter, Eberline PAC-I5 radiological 
survey, 626 
Scope (see Cathode ray; Oscilloscope) 
yr getocmen; siren with concealed turnotf switch, 306 
(eegment display, decoding with ring counter, 163 
Seismic amplifier, high gain with 60-dB input 
. dynamic range, 37 
Seismology, gyrator as vit active filter, 411 
Selective calling, neon memory indicates call 
while unattended, 367 
/ Selective signaling: 
4 resonant-reed tone generator, 682 
Hione-selective receiver, 687 
Self-latching delay, 10 ms=!0 min with faur-layer 
diode, 869 
Semiconductor tester, transistor-diode-scr, 851 
Sense amplifier: 
IC with optimum design for production, 328 
line unbalance, 937 
Paired Schmitt triggers, 202 
solenoid-coupled read-only, 10 
spaceship computer memory, 26! 
Sensistor: 
improving triggering sensitivity of pulse 
decoder, 902 i" i 
temperature-compensating in 400-Hz mvbr 
frequency standard, 275 
Sensor, analog voltage level, 933 
Septupler (see Frequency multiplier) 
Sequence detector: 
4A electric combination lock with alarm, 307 
ses pair for 2-¥ pulses, 203 
Sequence generator, four-pulse using IC hex- 
inverter, 739 
Sequence-of-operation indicator, four-switch 
neon, 2 
Sree programmer, versatile 24-V d-c, 860 
Sequencing, relay pull-ins with R-C circuit, 674 
Sequential tail-light flasher, automotive, 69 
Sequential turn signal, 12-Y automotive, 65 
Series motor, ujt-scr synchronous control with high 
torque, 449 
Series-pass regulator, 11-32 ¥ at 700 mA, 640 
Servicing, color-bar generator circuit, 817 
Seryo: 
400-Hz 6-W transformerless amplifier, 709 
400-Hz square-wave generator, 714 
I-MHz frequency-controlled crystal oscillator in 
phase-locked loop, 920 
90-deg optoelectronic 200~2,000 Hz phase shifter, 


4-W amplifier, 715 
Taw complementary-output 115-¥ rms amplifier, 


7.8-W 50-5000 Hz transformer-coupled H5-¥ rms 
amplitier, 708 

7.5-W transformer-coupled 115-V rms 
amplifier, 710 

1O-W complementary-output 20-V rms amplifier, 


28-W 28-Y d-c amplifier, 714 
balanced-bridge reversing drive, 708 
closed-loop Nyquist plot generation, 708 
ditferential-input amplitier with variable com- 
mon-mode level, 712 
electromyograph amplifier for tuning knob 
_ sontrel, 408 
eliminating residual phase shift, 553 
fast repponse set drive for d-c shunt-wound, 


oa 


interface handling digital and bipolar analog 
inputs, 715 

ladder network for converting binary to a-c, 71! 

monitoring instantaneous output power with 
speed-torque multiplier, 762 

null indicator using backward monostable mvbr, 


photocell-controlled reversible, 575 

photoelectric aperture control, 590 

photoelectric positioning using IC differential 
amplifier, 582 

pulse-width discriminator, 714 

pwm d-c amplifier, 709 

reducing output Impedance of regulated power 
supply, 663 

Teverslble positioning using d-c control signal, 


solid-state lamp control of reversible 12-¥ d-c 
“ motor, 712 
_Fumming amplifier for nulling, 542 
J otold bridge tachometer, 709 
‘veo drive having 100,000:! frequency range, 921 


/ 


Servo (Cont.): 
voltage frequency converter for digifal motor, 


voltage multiplier-divider for age of error 
command, 710 
(See also Amplifier; Audio amplitier; Audio 
preamplifier} 
Servo amplifier: 
0-400 Hz |C-transistor delivering 29 W, 449 
wr 40-W using two IC amplifiers, 713 
drive for 26-¥ two-phase 400-Hz motor, 713 
Sewing machine motor control, |.5-A with high 
torque at low speed, 434 
oshatt encoder, converting step function to trigger 
pulse, 740 
Shaft-position pulse generator, zero-reference, 739 
Shaper, monostable tunnel-diode for pem 
_ telephony, 771 
Shifter, voltage level for digital system, 377 
bhift register: 
120-Hz noise-immune scr, 720 
75-kHz with up to ten ses stages, 719 
basic ses, 717 
lock line driver, 116 
current pulse generator for vertical wires of 
_ cores, 787 
rive for running-text display, 718, 719 
iver using Darlington pair, 716 
“-Aynamic drive for indicator tube, 716 


“ 


left-right serial entry, 717 
magnetic-core for desk calculator, 72! 
magnetic core in pushbutton Morse code keyer, 
| 


lectronic crap game, 302 


neon triggers as lamps for running-text display, 


pulse train phase comparator, 122 
regenerative, 721 
jingle-transistor flip-flop, 263 
“rien-stage using two-transistor regenerative 
switches, 720 
fester providing two waveforms, 721 
{See alsa Logic) 
Shooting alley, light source for nonbullet target 
a“ gun, 348 
Short-circuit-stable regulator, |5-V, 662 
Short-wave receiver, gain-boosting [C module, 636 
shunt switching, d-c volt-ammeter, 399 
tqn: 
adjustable chaser for lamps, 256 
chaser circuit for lamps, 255 
agonal generator: 
960,000 Hz square-wave IC, 737 
‘wit 520,000 Hz square-wave, 728 
\_-45~-200,000 Hz audio four-range, 535 
* 20--20,000 Hz square-wave, 733 r 
dd 2,000 Hz IC square-wave for receiver 
troubleshooting, 851 
1,000-Hz IC, 537 
25-kHz sweep range for ssb filter alignment, 726 
150-MHz yaractor phase modulator, 424 
down-counter of color-bar generator, 817 
sine-square converter using Schmitt trigger, 146 
six-frequency crystal calibrator, 274, 274 
square-wave [C converter for a-f, [49 
subaudio five-stage, 536 
time-mark for cro horizontal sweep, 100 
(See also Function generator; Pulse generator: 
Sawtooth generator; Staircase generator) 
Signal level regulator, with voltage comparator 
and photocell drive, 126 
Signal-powered circuit: 
64-ys pulse delay, 196 
a-c switch, 746 
mosfet volume compressor, 56 
phase-lock detector, 552 
Signal-powered converter, 5-Hz—600 kHz sine- 
square, 149 
Signal strength, diode meter, 405 
Signal-to-noise ratio, improving by stretching 
keyed c-w signal, 120 
Silicon-controlled rectifier, tester, 851 
Simulator: 
radar return-signal grass, 489 
resistor using 1C opamp, 518 
xener using two transistors, 942 
Simultaneous-pulse Indicator, neon, 20! 
/ Sine-cosine function generator, 360-deg, 504 
Sine generator: 
0.1100 Hz using opamps, 896 
4 fourequadrant, 503 
Single sideband: if 
m3 kee phase-splitting filter, 240 
|~100 kHz cascaded phase-splitting filter, 242 
464.5-kHz filter, 726 
30-MHz J0-W fransmitter, 725 
50-MHz transmitter, 723 
distortion monitor using cro, 724 
fet for ave, 724 . 
fourstanslstor yoice-controlled break-in circuit, 
72. 


improved age using audio drive, 62 
optoelectronic ave for receiver, 723 
product detector, 726 . 
ting demodulator using diode bridge, 724 
speech clipper, 725 2 
/ sweep-generator filter for alignment, 726 
transistorized product detector, 726 
two-tone linearity tester, 726 
two-tone transmitter test generator, 724 
voice-controlled break-in circuit, 72200 
Sink, constantvoltage for clamped logic circuits, 


Siren: 


wo 9-V twostransistor with speaker, 302 


/ 


lease-breaking, 301 
7 with secret turnoff switch, 306 
scr for changing half-wave control to full-wave, 
Lace Projectors, crossfader using two triacs, 352 

flip-flop, 305 
regulated power supply, 305 

Smoke detector: 

Gpulsed-light transmitter, 527 

Soldering iron: 


Siren (Cont.): 
, IC electronic, 5 
panic-button, 300 
wailing police, 304 
Slave: 
full-wave phase control with two ser’s, 553 
strobelight, 246 
Slewing circuit, 300 ¥ per ws fet buffer, 20 
lope detector, periodic waveform reversal, 202 
Slot machine: 
NAND gate, 302 
“ZNOR gate, 307 
running and stop oscillators, 302 
Smoke alarm, ser oscillator, 2 
ight-sensitive fet, 570, 57! 
pulsed-light recelver, 568 
Shiperscope, 12-kV portable d-c supply for image 
converter, 316 
amanvally preset temperature control, 830 
# thermistor-scr temperature control, 824 


mitter-coupled complemented flip-flop trigger, eeering iron control, 25-W laser, 583 
901 


Solenoid: 
dual-ser drive for print hammer or punch, 617 
half-cycle drive with scr one-shot, 902 
multivibrator-driven for reciprocating linear 
motion, 131 
pulse-controlled for earth satellite, 129 
transistor drive speeds recovery, 480 
Solenoid driver: 
electric typewriter, (33 
semiconductor, 748 
semiconductor with latch, 366 
Solenoid sequencer, four-scr replaces stepping 
relay, 679 
Solid-state lamp: 
a-c line voltage indicator, 213 
constant-current source, 182, 182 
flip-flop pulser drive, 347 
optical tachometer, 757 M 
pulsed for f-m remote-control transmitter, 687 
Cppulsed-light intrusion-alarm transmitter, 4 
Zrpulsed light remote-control transmitter, 683 
7 pulsed-iight smoke detector, 527, 568 
prarve control, 712 
ujt pulse generator drive, 527 
Sonar: 7 
400-30,000 Hz inverter using single scr, 911 
OL kAr underwater pinger, 908 
200-kHz constant-K yariable-bandwidth filter, 909 
60-dB-range age amplifier, 911 
10-kW 44-transistor pulse amplifier, 907 
Hall-effect multipiier for polar display, 910 
highest-peak detector for 2-MHz bursts, 929 
hydrophone amplifier, 909 
single-scr ultrasonic inverter, 910 
(See also Audio amplifier) 
Sonobuoy transmitter: 
7165-MHz 1.5-W, 908 
175-MHz 0,.5-W output stage, 912 
ony? 
sa-m portable with direct-coupled output, 35 
four-transistor tv vertical sweep, 782 
two-transistor agc for portable ty, 58 
Sorter: 
go-no-go IC comparator controlling hopper 
solanoids, 122 
pulse polarity and amplitude, 934 
pulse width using bootstrap detector, 200 
Sound {see Audio) 
Sound alarm, ser oscillator, 2 
ound-controlled oscillator, burglar alarm, 54 
seune sonlrolled relay, adjustable-sensitivity fet, 
30: 
Sound-controlled snooper alarm, 49 
Sound on film: 
photoelectric pickup ampllfier, 24 
preamp, 35 . 
preamp for photovoltaic sensor, 41 
Spacecraft: 
computer-storage driver, 370, 372 
converting roll rate to d-c output, 146 
integrator for horizon scanner, 206 
protecting battery from inverter shorts, 596 
protective shutter contro} for optical system, 614 
pulsed, micropower flip-flop with redundancy, 


contro! of antenna-pushing solenoid, 129 
Spork gap: 
Krytron trigger, 296 
triggered switch for two flashtubes, 296 
Spectrometer, three-range automatic scale 
changer, 93 ae 
Spectrometry, gating photomultiplier for sampling, 
690 


Spectrophotometer, converting transmission to 
density and exposure, 586 . 
Speech clipper, single-sideband transceiver, 725 
Speech compression, active tunable fet bandpass 
filter, 231 
Speed, synchronizing electric motor, 442, 443, 740 
Speed control: 
1.5-A 120-V a-c shaded-pole fan motor, 357 
176th-hp inverter-driven single-phase inductlon, 


battery vehicle with Jones scr chopper, 433 


bilateral scr fan motor, [33 
portable d-c motor, 559 
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Speed control (Cont,): 
Proportional IC for heating-cooling blower, 834 
scr for model railroad, 304 
shaded-pole and pse motors, 829 
tachometer-type for auto tape player, 74] 
{See also Motor control) 
Speed measurement: 
Per tachometer rotation indicator, 741 
"“Aascr optical tachometer for light or electrical 
pulses, 759 
ow-cost strobe, 245 
permanent-magnet motor, 757 
tachometer and dwell angle meter, 758 
Speedometer, monostable mvbr triggered by 
driveshaft pulses, 67 i 
7 Speed-torque multiplier, monitoring instantaneous 
output power of d-c servo, 762 
Spike, suppressing with fet in bidirectional analog 
gate, 288 
Spike clipper, antiphase zeners, 604 
Spike generator: 
ié-ns by differentiating rectangular pulse, 903 
three NOR gates, 900 
Spike suppression: 
450-MHz mobile transceiver, 887 
sus frequency divider, 269 
Sports car, fet trigger improves ignition, 77 
Squerer: 
charge-controlled diode for digital pulses, 619 
d-c voltage, SIt 
inverting three-transistor, 343 
low-cost using unmatched fet's, 504 
Sqvare root: 
inear multiplier and dual opamp, 521 
“opamp with four-quadrant multiplier, 
squaring module with opamp, 5{5 
“sum of squares, 499 
Square-rooting, analog differential-input multi- 
plier with offset nulling, 502 
Square-triangular pulse generator, voltage- 
controlled, 897 
Square wave: 
0—2.5 ms delay for 400 Hz, 197 
400-Hz controlled by d-¢ voltage, 134 
400-Hz power, 714 
Savare-waye doubler, 25 kHz to 50 kHz at 30-V 
P-P, 
Square-wave generator: 
+ 1-A gate pulses, 73] 
&-A adjustabie-width, 735 
0.004-Hz, 895 
0.0! Hz—200 kHz, 893 
0.1-4 Hz high-power, 728 
0.!—100 Hz using opamps, 896 | 
5 Hz-600 kHz signal-powered sine-square 
converter, (49 
6--60,000 Hz IC, 737 
7.5+20,000 Hz, 728 
20~20,000 Hz, 733 
30 Hz~-750 kHz linear vco, 897 
30-25,000 Hz opamp with triangle option, 898 
40—180 Hz multiple-output neon, 738 
50-Hz neon, 735 
60—1,000 Hz with 0-100% duty cycle, 739 
80~8,000 Hz voltage-controjled, 925 
100-Hz using 1C opamp, 470 
200-2,000 Hz IC, 85! 
300-Hz mvbr, 258 
320-Hz with fast rise time, 62! 
500-Hz neon, 732 
500 Hz—12.8 MHz, 727 
{-kHz ses relaxation oscillator, 731 
i-kHz synchronized to 60 Hz, 729 
I-5 kHz adjustable-width, 729 
4-kHz, 143 
4-25 kHz using dual diodes, 737 
10 kHz~!0 MHz crystal using quad two-input 
gate, 740 
100-kHz frequency standard, 275 
100-kHz frequency standard with IC flip-flop 
divider, 276 
100-kHz from destgn graphs, 473 
100-kHz voltage-controlled, 920 
100 kHz—2 MHz crystal clock using IC gates, 


112 
140-kHz 5-V pulses at 0.5 A, 733 
300-kHz using IC differential amplifier, 736 
500-kHz crystal clock, 114 
800 kHz—1.7 MHz voltage-controlled sweep, 925 
0-I MHz with 5-ns rise time, 732 
|-MHz astable mvbr with stabilizing diodes, 480 
et i digital clock using quad TTL gate, 


521 


20-MHz mono with fast rise time, 479 
50-MHz flip-flop tester, 727 

|—{,000 ns with stable pulse width, 731 

40-ns at 30 A, 736 

25-ms_as relay driver, 736 

0.{—100 s width range, 738 

30,000:1 period-to-pulse ratio, 73! 

0—100% duty cycle, 729 

0~10 V pulses at 1 A, 734 

20-V adjustable-width |-A pulses, 733 

25-¥ temperature-stable pulses, 732 
adjustable-width, 730 

analog comparator, 729 

basic Schmitt, 902 

lock with optional triangular output, 114 
onverter for sine-wave signal generator, 146 
crystal-controlled mvbr, 27! 

differential amplifier and mvbr, 924 
differentiator with triangular input, 735 
driving self-powered sharp-pulse generator, 613 
dual for testing shift registers, 721 i 
emitter-coupled iimiter with sine-wave input, i149 
flip-flop using four IC gates, 378 
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Square-wave generator (Cont.): 
four-pulse sequential using {C hex-inverter, 739 
frequency-multiplying, 730 
high-gain tachometer amplifier, 762 
IC chip using single capacitor, 617 
tC comparator and IC flip-flop, 145 
iC converter for a-f signal generator, 149 


a IC with triangle-sine-cosine outputs, 893 


pulse-stretching, 623 2 
sine-square converter with phase shifter, 150 
single-IC with triangular output, 896 
single-pulse, 734 
single-pulse with isolation of switch bounce 
effects, 740 
subaudio five-stage, 536 
tunnel-diode, 739 
two-cantrol ujt, 738 
ujt-scr one-shot, 730 
ujt synchronized to a-c line, 737 
variable-duty-cycle, 378 R 
variable-width using step-function trigger, 740 
zero reference for 340-deg pot, 739 
{See also Pulse generator) 
Square-wave phase detector, flip-flop, 203 
Square-wave switch, preserving first pulse of train, 
742 
Squaring, analog module driving opamp, 512 
Squaring amplifier, bipolar with four-quadrant 
multiplier, 499 
Squelch: . 
adding fet gate speeds operation, 54 
double-triode for any a-m receiver, 55 
noise-actuated for pwm systems, 491 
noise-limiting combined with a-m detector, 56 
Squelch gate, audio amplifier for police radio, 55 
Squib, ser firing circuit, 612, 615 
Stabilization: 
diodes in opamp audio oscillator, 536 
fet for Wien-bridge oscillator, 542 
forward feed in high-gain d-c differential 
amplifier, 190 
Stabilizer, oscillator output signal amplitude, 923 
Staircase generator: 
50-Hz minimum with wide frequency range, 754 
l0-kHz ujt, 752 
!-MHz with 10-¥ ramp amplitude, 755 
10 equal voltage steps, 75] 
column-selecting for crt numerical display, 752 
current source fed by pulse train, 754 
dual frequency and voltage dividing, 755 
eliminating droop of steps with fet, 410 _ 
equal step linear for ultrasonic image display, 


five-step using tunnel diodes, 268 

four-step neon, 753 

neon and frequency divider, 755 

one-shot linearizing bootstrap, 753 
row-selecting for crt numerical display, 752 
three-transistor linearizing bootstrap, 753 
tv gray-scale, 75 

two-transistor linearizing bootstrap, 753 


Arapling gun, half-cycle solenoid drive with ser 


one-shot, 902 
Starter: 
latching-triac a-c motor, 459 
scr-ujt for 400-Hz inverter, 340 
Star tracker, light-sensitive fet, 570, 57! 


poaic relay, in bridge as production-line 


resistance checker, 674 
Step function generator, mvbr-driven relay, 677 
Stepper: 
rotary with 20-200 ms delay, 859 
(Acr-relay homing, 680 | 
tape advance using noise-immune a-c drive, 


Stepper relay drive, 0.5—10 Hz mvbr with radiated- 
noise immunity, 476 

Stepping motor: 

“gnalog-digital converter drive, 926 

pulse generator drive, 612 
tepping relay: 
(d-minute timer, 676 
replaced by four ser's in cascade, 679 
Step recovery diode: 
11000 ns temperature-stable pulse generator, 
73 


S-band frequency multiplier, 884 
Stereo: 

'0-kHz tape erase and bias oscillator, 382 

3-W portable phono amplifier, 557 

4-W cartridge tape system using IC, 382 
#A-W IC phono amplifier, 555 

&-W portable phono amplifier, 556 

5-W hi-fi amplifier, 32 

50-W hi-fi quasi-complementary amplitier, 47 
#\00-W channel amplifier, 39 

20-V regulated supply for transistor power 

amplifiers, 643 

automatic reversal of 4-track tape, 386 

balance control, 5 

balance meter, 5& 

cartridge tape player, 562 

common bias-erase oscillater for fape recorder, 

| 

decoupler for two IC preamp channels, 25 

dual-channel [C preamp, 390 

IC dual opamp as preamp, 329, 542 

locked bias-erase oscillators for tape recorder, 


momentary-peak limiter for magtape recording 
channel, 389 

phono asciliator, for mono conversion, 583 

phono-tape preamp with RIAA and NARTB 
equalization, 384 

preamp with ceramic-radio input, 560 

recorded tone commands on tape cassette, 684 


Stereo (Conf.): 
regulated 30-V d-c with balanced 50-V unregu- 
lated for two 80-W stereo channels, 648 
RIAA preamp for magnetic cartridge, 559 
tape recorder recording level indicator, 384 
width contro! for sound sources, 52 
(See also Audio; Audio amplifier; Audio 
preamplifier; Tape recorder) 
Storage, highest-peak detector for video bursts, 
929 


{See also Memory) 
Storage battery protection, 28-V d-c aircraft, 4 
Stove, pilot flame monitor, 4 
train gage: 
converting output to modulated pulses, 191 
differential Pitran piezoelectric transistors, 40] 
“Pitran piezoelectric transistor, 393 
-Strain-gage amplifier, IC differential amplifier, 
98 


Stretcher: 
0.5-us to 50 ms for pulse, 623 
2,000 times with mosfet for pulses, 618 
pulse, 619 
pulses for skin-stimulating vibrator, 411 
Strip-chart, servo-driven pen, 108 
Strobe, slave adapter, 246 
(See also Flash) 
Strobe light, preventing capacitor overcharge, 
. i 
Stroboscope: 
=paee 2-300 Hz low-cost, 245 
one-transistor motion-stopping, 247 
wide-range battery-operated, 249 
(See also Flash) 
Subaudio: 
0.004-Hz sine-square-triangular generator, 895 
triangular-wave generator, 892 
Subcarrler, regeneration of tone-modulated 4-kHz 
subcarrier bursts, 767 
Subsidiary Communications Authorization, back- 
ground-music adapter for f-m receiver, 287 
Subtracting amplifier, |C difference amplifier, 517 
ubtractor, threshold-logic with weighted inputs, 


mming, ladder netork in 4-bit digital-analog 
converter, 205 
Summing amplifier: 
el bias current drift compensation, lal, 
multiple-input IC opamp, 512 
Superheterodyne, 800 kHz—|.7 MHz voltage- 
controlled square-wave sweep oscillator, 


Suppressed carrier modulation, switched fet's, 424 

Suppression, rfi in switched inductive loads, 492 

Surge, suppression in a-c line filter, 608 

Surge limiter, starting current of incandescent 
lamp, 605 

Surge protection, zener clipper, 606 


weep: 
0,1-500 Hz linear at 6 V p-p, 699 
800 kHz~1.7 MHz voltage-controlled square-wave 
sweep, 925 
I-10 s negative-going linear, 699 
10-V linear cro with blanking output, 706 
chokeless vertical tv, 787 
constant-voltage triangular-waveform, 898 
current with common-collector amplifier, 698 
fet subaudio to GHz, 921 
flip-flop as driver, 699 
flip-flop-driven digitally controlled linear, 704 
flip-flop-driven in frequency divider, 697 
flip-flop-driven in turn-on control for time-delay 
relay, 703 
flip-flop-driven in variable-width pulse 
genersator, 70] 
four-transistor vertical tv, 782 
ic triggered on 200 mY from d-c to 10 MHz, 
7 


linear single-transistor constant-current, 704 
line-locked vertical for tv camera, 795 
Miller using active load for fast flyback, 706 
sawtooth generator for vco, 700 
simple transistor current, 703 
time-mark generator for calibrating cro, 100 
trapezoidal-output from clipped sine-wave 
input, 623 

trapezoidal voltage, 696 
two-transistor horizontal tv, 790 

_ two-transistor vertical tv, 775 
voltage-controlled current source, 927 
{See a/so Sawtooth generator} 

sweep Circult: cascaded ujt sawtooth generators, 


Sweep generator: 
{1-30 s linear ujt for cardiac monitor, 411 
audio, 282 
audio for log-log cro display in network tester, 


controlled by voltage-to-frequency !C trans- 
ducer, 700 
input-controlled ramp width, 700 
radar ppi using [C opamps, 103 
ssb crystal filter alignment, 726 
Swept trequency oscillator, cascaded ujt sawtooth, 


Switch: 
300-mA ser circuit breaker, 748 
2-A light-operated, 565 
6-A light-triggered isolated-input triac, 529 
&-A self-triggered triac, 748 
6-A triac, 749 
6-A triac with 8-80 s automatic turnoff, 843 
8-A triac with 8-80 s delayed turn-on, 863 
&-A triac with isolated ujt trigger, 750 
25-A triacs for banks of lights, 244 


Switch {Cont.): 
f—I0 kHz chopper-driver, 106 
14-MHz Hartiey oscillator in four-wire resistance 
checker, 845 
40-s time delay with ujf and scr, 871 
100-W programmable-vjt proximity, 92 
150-W touch-sensitive capacitance control, 94 
240-W electronic overload, 595 
240-W synchronous rfi-suppressing, 745 
POO W ith 10-min turn-on and turn-off delays, 


8 
600-W electronic averload, 593 
900-W snap-action a-c threshold, 743 
I-kW automatic synchronous rfi-suppressing, 742 
I-kW static with rectifier for d-c load, 745 
J-kW synchronous rfi-suppressing, 744 
kW synchronous a-c ser with low rfi, 743 
iW eynchronaus a-c with thermistor modulator, 


10-¥ a-c photoelectric twilight, 573 
20-¥ a-c photoelectric twilight, 567 
2-kY 0,1-A pulse-generating with mesa transistors 
in series, 299 
&-kY flash-triggered series-scr, 298 
¢ gate with d-c input, 291 
c static contactor using antiparallel thyristors, 


8. 
8. 
hp 3-phase mofor, 450 
2 


a 

a- 

a-¢ triac latching, 367 

adfustable-period scr-ujt, 74? 

analog with multiplexing opamp, 205 

audio-actuated for turning on tape recorder, 56 

audio tone keying with click suppression, 118 

automatic headlight turnoff, 63 

sulomate in dual redundant crystal oscillator, 
5 

automatic range-changing for voltmeter, 940 

autematle restarter for beam-switching tubes, 


automatic reversing of d-c antenna scan motor, 
4 


basic ayalanche transistor, 748 

basic triac latch, 369 

battery charger underyoltage-overvoltage, 82 
bilateral scr with electrical actuation, 384 
Bilateral scr with electramechanical actuation, 


bistable regenerative square-wave generator, 


bounce signal elimination with ser, 747 
“chatterless for clock generator pulses, 379 

Darlington latching touch, 347 

Darlington momentary-action touch, 347 

Darlington single-button on-off touch, 349 

d-c motor reversing using scr pair, 457 

d-c static for high-level magnetic-core readout, 


diac-triac photoelectric, 571 
_—Aigital contro! of 20-A load, 373 

digital-filter sampling, 693 

diode in T arrangement, 749 

dual-gate IC with transistor, 134 

dual R-C phase-controlled bilateral scr, 133 

olinioatite contact bounce with programmable 
uit 

equivalent scr circuit for C3J th ratron, 137 

fet as analog signal chopper, 108 

fet controlling R-C filter, 236 

fet electronic, 290 

fet for multitrace cro display, 97 

fet touch, 93 

flash-actuated with adjustable delay, 246 

half-wave phase control with sus capacitor 
reset, 554 

halfuave phase contro] with ujt capacitor reset, 


high-level analog, 208 
high-speed with memory for pem telephony, 771 
Siybrid ladder, 744 
IC gate with triac for a-c load control, 747 
integrate-hold with opamp, 519 
Jascr for slave flash, 244 
laser with preheat for programmed lamps, 345 
latching triac motor-starting, 368 
latching triac with 2-tone on-off control, 367 
latching triac with adjustable delay, 368 
~Tight-absence detector, 581 
7 light-presence detector, 579 
-Pragnetic-reed combination-lock, 307 
—omake-before-break fet with opamp, 744 
measuring response time with JC flip-flops, 399 
neon latching for relay, 368 
neon on-off isolation, 489 
neon sequence-of-operation indicator, 211 
noise-free a-c using two triacs, 950 
normally closed half-wave static power, 749 
normally open half-wave static power, 748 
overvaltage and overcurrent protection for 20-A 
a-c load, 594 
phase-controlled full-wave bilateral scr, 137 
phase-sensitive ser for two loads, 743 
photo-Darlington, 579, 580 
Photo-Darlington with amplifier, 577 
photo-Darlington with two amplifier stages, 568 
Photodiode with temperature compensation, 583 
planar pnpn for driving neons, 213, 369 
planar pnpn for driving Nixie ring counter, 174 
pnpn for J0 ms—i0 min delay, 869 
power transistor as relay driver, 676 
precision analog gate, 290 
precision using inverted transistor to compensate 
for cheap switch, 750 
Preserving first pulse, 742 
Printed paralle!-series capacitor for Geiger 
counter, 627 
rectifier-triac for low-noise cyclic loads, [33 


Switch (Cont.}: 
reed relay control of triac, 748 
regenerative two-transistor, 80, 82 
regenerative two-transistor in battery charger, 


remote-control phase selector without relay, 747 

remote-control relay-type phase selector, 744 

remote-control! scr, 368 

remote neon for audio channel, 55 

reset-compute-hoild with opamp, 522 

rfi-free triac, 948 

rotary stepper with 20—200 ms delay, 859 

str for remote control of a-c load, £86 

scr in switching-mode regulator, 655 

scr lamp control, 749 

scr pair with high-power firing pulses, 741 

scr stave for changing half-wave control to full- 
wave, 820 

scr static 5-A d-c, 74! 

scr static 5-A d-c using momentary switch, 745 

scr static a-¢ contactor using smal! switch, 743 

scr static a-c for resistive loads, 949 

scr stepping and homing, 680 

scr-triac for on-off control of lamp by audio 
signals, 348 

scr-triac for water-level contro!, [31 

scr-triac operating only at current zero, 565 

s¢r-triac synchronous photoelectric, 565 

self-latching triac, 367 

sequential for 0.5-A loads, 129 

sequential for eyen-integer frequency multipli- 
cation, 730 

sequential for two 100-mA loads, 135 

signal-pawered breakover diode with ser for 
1.5-A a-c load, 746 

snap-action silicon-transistor, 750 

solencid driver, 748 

solenoid driver with latch, 346 

solid atate lamp for pulsed-light communication, 
3 


7 solid-state remote-controlled, 682 
sound-actuated, 3, 53 
strobelight slave, 246 
suppressing contact noise with four-gate one- 
shot, 488 
symmetrical for converting 400-Hz sine waves to 
square, 714 
three-transistor one-shot equivalent of scr, 468 
threshold detector with diode clamping, 933 
touch-activated for elevators and typewriters, 93 
touch controf, 94 
transistor for positive halves of input signal 
cycle, 933 
transistor static 5-A d-c, 747 
transistor static 5-A d-c using small remote 
switch, 746 
triac for a-c load, 746 
triac for reversing psc motor, 748 
triac-IC with reliable latching at low power, 742 
inlae,statle a-c for reactive and resistive loads, 
triac static a-c using small switch, 750 
triac static starting for induction motor, 449 
triac with Jood isolation, 746 
twerciode: for neon lamp of decimal readout, 
two-pulse actuated, 675 
two-transistor I-A frigger, 905, 706 
unilateral in light-interruption detector, 579 
variable on-time flash-actuated lascr, B58 
video kigh-speed analog, 946 
wire-touching alarm, 2 
zero-point in 2-kW nonproportioning tempera- 
ture contro}, 825 
zero-point in 3-kW temperature control, 830 
zero-point in 4-kW modulated-scr temperature 
/ control, 822 
zero-point sensitive-gate scr, 947, 95} 
zero-standby-power one-shot for scr, 483 
zero-voltage half-wave scr for proportional 
temperature control, 82! 
zero-voltage ser for minimum rfi, 949 
(See also Latch; Motor control; Photoelectric; 
Remote control; Temperature control) 
Switched integrator, voltage fo pulsa-width con- 
verter, 616 
Switching: 
diode for vhf tuner coils in },5-inch-diagona}] 
screen, 776 
suppressing turn-on and turn-off transients, 492 
zero-voltage with IC for triac, 948 
Switching amplifier, unipolar to bipolar pulses, 
148 


Switching-mode regulator, ser in regulated power 
supply, 655 

Switching preregulator, 38-V at §-A d-c pwm, 640 
Switching regulator: 

5:5-¥ for TTL and 170-V for Nixies, 672 

10-V using two IC AND gates, 644 

100-¥ to 60-Y d-c with step-down transformer, 

656 


Switching voltage regulators: 
20-¥ d-c inverted-output, 667 
24-¥ d-c blocking-oscillator, 660 
Synchronization: 
1§0-Hz mvbr with pulses of any phase, 487 
Industrial processes with f-m pulse generator, 
$12 


speed of two electric motors, 442, 443, 760 
Synchronous detection, dual-gate fet color 
demodulator, 804 
Synchronous detector: 
100-kHz fet with 80 dB dynamic range, 203 
demodulation-transformer matrixing, 808 
‘Synchronous motor, operating from 12 ¥ d-c with 
ujt-mvybr, 460 


Synchronous phase detector, wideband with 
single-ended input, 503 
Synchronous switch: 
240-W rfi-suppressing, 745 
1-kW automatic-action rfi-suppressing, 742 
|-kW rfi-suppressing, 744 
scr-triac photoelectric, 565 
Sync separator: 
deflection for 1.5-inch-diagonal ty having 5-¥ 
supply, 779 
delay-tine for improved resolution in ty 
monitor, 785 


Tachometer: 
v4 a-c direction-of-rotation indicator, 761 
7 ato engine |C, 76{ 
automotive high-precision, 756 
clock-type motor acceleration timer, 870 
rativen from ignition ballast resistor, 742 
a teedback control of fhp motor, 757 
~. fiber-optic drive for motor speed control, 756 
4 four-gate IC for quto engines, 758 
a 


high-gain IC amplifier for low shaft speeds, 


laser optical for light or electrical pulses, 759 

A, Naser with automatic range change, 762 

— measuring speed of generator in proximity fuze, 
negative-ground 12-¥ auto, 761 
permanent-magnet motor speed, 757 
photealectrie for dab of white paint on shaft, 


positive-ground 12-V auto, 759 

shift-indicating lamp, 76 

speed control for e Rp d-c shunt motor, 758 

speed control of auto tape player, 761 

speed-torque multiplier for instantaneous motor 
output power, 762 

synchronizing speed of two electric motors, 760 

foraid tn bridge for servo error-rate-feedback, 


wa Tail-light flasher, sequential automotive, 69 


Tangent function generator, diode generator with 
differential amplifier, 621 
Tank, capacitance-type liquid level detector, 90 
Tape (see Magnetic tape; Tape recorder) 
Tape drive, constant-speed constant-tension, 433 
Tape head, peak detector for bipolar pulses, 365 
Tape playback: 
4-W IC stereo cartridge system, 382 
IC preamp with NAB equalization, 381 
tachometer-type speed contro}, Tol 
Tape recorder: 
age for recording, 38! 
automatic reversal, 386 
cartridge tape player, 562 
digital control of preamp gain, 383 
low-frequency f-m modulator, 383 
twa-track monaural cassette, 387 
Tape stepper, d-c motor using nojse-immune a-c 
drive, 458 F 
_-Telegraphy, delay equalizer, 198 
Telemetry: 
0.5~120 Hz f-m for blopotentials, 765 
4-kHz subcarrier burst regeneration, 767 
500-MHz |-W microstripline oscillator, 766 
1.000 Mie 0.5-W lumpad-constant oscillator, 


a-m to f-m convarter, 157 

analog-perlad converter, 763 

balloon-borne Project GHOST, 767 

fail-safe regulated power supply using re- 
dundancy, 766 

f-m/f-m modulator for pufse-modulated 
sine-waye cagrier, 765 

four-decade count-rate meter, 764 

IC differential voltage comparator, 766 | 

inplant subcarrier transmitter for monitoring 
intestinal strain, 767 

nolse slicer, 765 . 

pulsed Hartley temperature biofefemeter for 
lizards, 766 

receiver using IC frequency-to-voltage trans- 
ducer, 764 ‘ 

strip-chart recorder drive, 783 

three-]C transmitter using voltage-to-frequency 
transducer, 768 

yariable-timing ring counter, [72 

Telephone: . 
16~20 kHz channel bandpass filter, 772 
7104-108 kHz channel bandpass filter, 773 

| s-12 min beep-generating timer for phone 
patch, 769 

1,200-bps modem, 773 

amplitude comparator for ptm, 774 

automatic switch for tape recorder, 773 | 

cancelling line noise with feedback circuit, 771 

_~Deltaphone transmission circuit, 774 . 

electronic keyboard for computer time-sharing, 

72 


T 
Ericofon with tone oscillator in place of bell, 


4 
high-speed switching memory for pcm, 771 
A intorconnection with amateur radio station, 769 
Z interconnection with CB station, 770 : 
TS woise-avoiding eelay for Dataphone carrier- 
detect line, 77 ‘ ? 
opamp as line amplifier with 40 dB gain, 773 
_-#olid-state tone ringer, 770 
tunnel-diode pulse shaper for pem, 771 
. Telephone amplifier, three-transistor with loud- 
speaker, 77 a 
— Telephone channel, 1C amplifier, 772 
Telephone-channel amplifier, 0.1—3.2 kHz JC 
opamp, 772 


983 


Telephone line, R-C network equalizer for data 
transmission, 769 
elephone patch: 

a CB station, 770 

manually switched for amateur radio station, 
769 


Television: 
5.5-MHz low-pass filter for suppressing tv 
camera preamp noise, 798 
4-¥ series regulator for 5.5-V penlights in |.5- 
inch ty, 795 
30-¥ at | A regulated for camera supply, 778 
all-transistor horizontal system for large-screen 
set, 786 
automatic turn-on of CCTY receivers by video 
signals, 681 
black and white: 
“5-MHz IC i-f and quadrature detector, 779 
4.5-MHz IC i-f and ratio detector, 787 
5-MHz sound i-f IC with detector and com- 
plete audio, 795 
7G-860 MHz four-stage antenna amplifier, 783 
860 MHz two-stage antenna amplifier, 798 
68 MHz 10-mW antenna amplifier, 788 
Ais MHz 150-mW antenna amplifier, 790 
5~108 MHz 25-mW antenna amplifier, 787 
174-230 MHz 10-mW antenna amplifier, 786 
102—_209 MHz 60-mW antenna amplifier, 794, 


797 
742-750 MHz 80-mW antenna amplifier, 781 
625-line video output amplifier, 784 
5-k¥ supply for |.5-inch diagonal screen, 299 
erbooster, 800 
deflection for |.5-inch-diagonal screen, 779 
feedback volume control for IC, 792, 799, 799 
four-transistor vertical sweep, 782 
high-efficiency chokeless vertical sweep, 787 
horizontal drive for 4,000-line vidicon, 780 
horizontal ramp generator for 4,000-line 
vidicon, 780 
horizontal switch for 4,000-line vidicon, 781! 
no-coll IC for sound i-f, 797 
optoelectronic automatic contrast control, 530 
photomultiplier amplifier for flying-spot slide 
seanner, 793 
power-transistor horizontal output, 789 
power-transistor vertical output, 792 
preamp for Plumbicon ty camera, 782 
pump transistor in horizontal deflection, 796 
single-stage video amplifier, 787, 793 
Sony two-transistor agc, 58 
sound IG with conventional volume control, 
7 


ct 
tiny-vision field oscillator, 800 
tiny-vision field output stage and driver, 796 
Hny-viston vertical blanking circuit, 788 
two-stage video amplifier, 791 
two-transistor horizontal sweep, 790 
two-transistor vertical sweep, 775 . 
vertical deflection using programmable uj, 


79: 
vhf tuner, 793 
vhffuhf tuner for |.5-inch-diagonal screen, 776 
video amplifier with zener for cathode bias, 


77 

video i-f and detector for 5-V set with |.5-inch 
screen, 777 

video output with base-circuit contrast control, 


video output with collector-circuit contrast 
control, 789 ae 

video output with emitter-circuit contrast con- 
trol, 798 

video output with separate intercarrier sound 
detector, 799 

vidicon preamp using uhf opamp, 788 

CATY power-fet distribution amplifier, 777 
color: ein MHz CATY wideband amplifier, 
810, 

aft using IC, 813 

audio amplifier, 30 

automatic fine tuning, 805, 809, 815, 814, 817 

auxiliary horizonal output, 806 

burst amplifier, 80! 

burst phase detector, 815 

chrominance amplifier, 809 

chrominance delay-line matrix, 80! 

difference amplier, 802, 814 

difference amplifier linearity measurement, 


803 
difference amplifiers and symmetrical clamps, | 
iy 


difference amplifiers using transistors, 814, 814 

difference amplifier with asymmetrical clamp- 
ing, 812, 814 

difference and matrix amplifier using transis- 
tors, 812 

difference current drive, 8097 

double-diode demodulator, 815 

dual-gate fet as demodulator, 804 

gamma correction with opamps, 803 

G-Y anode matrix, 817 

G-Y cathode matrix, 814 

high-voltage hold-down to limit x-ray emis- 
sion, 802 

Hoffman Color-Trac circuit far ty, 819 

horizontal deflection for 110-deg tube, 806, 
812 


horizontal dynamic convergence, 817 
horizontal oscillator with vertical Jine 
straightener, 813 

instant-on circuit, 807 
jfet 3.58-MHz oscillator, 814 

Hller detector, 80! 
luminance amplifier, 804, 810, 816 
Magnavox uhf tuner with aft, 803 
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Television (Cont.}: 
color (Cont.): 
Magnavox vhf color tuner with aff, 813 
manual degaussing, 8!! 
matrixing by demodulation transformer, 808 
monitae for autamatic control of flesh tones, 
8! 


North-South raster correction for pincushion 
distortion, 808 
peaker stage for chroma amplifier, 816 
photomultiplier amplifier for flying-spot slide 
scanner, 793 
pulse regulator for high voltage, 810 
R-Y and B-Y demodulator, 805 
sound J-f with ratio detector, 807 
static and vertical dynamic convergence, 81! 
subcarrier regeneration, 805 
synchronous clamp for difference signals, 804 
tint control with voltage-dependent fet, 813 
ultrasonic remote control, 685 
using three demodulators, 807 
vertical oscillator-amplifier, 815 
X-Z matrix, 805 
color-bar generator down-counter, 817 
color-bar generator with 10:1 countdown fre- 
quency divider, 273 
constant-height vertical output, 798 
dejay-line sync separator for monitor, 785 
electronically variable wideband CATV at- 
tenuator, 59 
gray-scale staircase generator, 75! 
horizental output with B+ and 9.5-k¥ supplies, 
hum-suppressing video clamp amplifier, 917 
sound i-f 1C with audio, 328 
suppressing power-line rfi, 240 
trigger coincident with first field of frame, 792 
varactor-diode tuner, 778 
video amplifier linearity measurement, 784 
video preamp with unity gain as inverting 
buffer, 9/5 
Television camera: 
lI-transistor for feeding home ty receiver, 785 
ac video modulator for home receiver, 914 
horizontal drive for 4,000-line vidicon, 780 
horizontal ramp generator for 4,000-line vidicon, 


horizontal switch for 4,000-line vidicon, 78! 
\ine-locked vertical sweep, 7’ 
Aemparatirs, measuring with thermistor bridge, 
Temperature compensation; 
30-MHz linear amplifier, 884 
dec amplifies using differential transistor pairs, 


diode in constant-current source, (82 
direct-coupled photodiode, 583 
reference zener in regulated power supply, 672 
source-follower pair in high-impedence volt- 
meter, 3 
using transistor as regulator diode, 941, 942 
Temperature comparator, preventing relay chatter 
with trigger, 899 
Temperature control: 
3-A phase-controlled blower, 820 
50-W half-wave phase control, 548 
100-W heater with mercury thermostat and 
scr/diode bridge, 836 
240-W scr with optional latch, 823 
nga ser with optional latch for cooling fan, 


240-W single-scr, 853 

500-W dual-scr for heater, 350 

600-W basic full-wave scr, 352 

600-W basic full-wave triac, 358 

00-W combination heating and cooling, 822 
%00-W extended-range diac-triac, 433 

800-W full-wave single-scr, 83! 

900-W snap-action a-c threshold switch, 743 
1-kW with IC and triac, 948 

1.2-kW phase-controlled, 827 

1.2-kW zero-switching scr, 835 

1,5-kW high-precision scr, 829 
a-kW-nenproportioning with zero-point switching, 


2.4-kW full-wave proportional with zero-voltage 
switching, 819 

3-kW phase-controlled, 831 

3-kW with zero-point switching, 830 

3.6-kW zero-voltage IC switching trigger with 
triac, 828 

Hee moculaied ter with zero-point switching, 


5-kW half-wave zero-voltage switched on-off, 823 
7.5-kW proportional heating, 819 
9.6-kW zero-voltage switching, 825 
10-kW adjustable-gain with proportional zero- 
voltage switching, 827 
0-kW climate-sensitive, 828 
1 0,02C change with solid-state relay, 826 
100~300C precision thermistor-controlled on-off 
triac, 836 
attic ventilating fan, 4 
combined with 8-kW synchronous a-c switch, 824 
compensation for variations in thermocouple 
cald junction, 82 
condensed mercury in thyratron, 829 
cooling fan motor, 823 
correcting thermistor finearfty, 836 
‘digital IC, 134 
dual-output scr with thermistor bridge, 828 
tail-safe thermistor circuit, 832 
half-wave for low-resistance sensor, 826 
half-wave pulse and pedestal, 836 
half-wave scr with zero-voltage switching, 821 
heating and cooling blower motor, 829 


Temperature control (Cont.)}: 
high-current load, 818 
high-gain proportional IC for I5-A heater, 832 
high-precision full-wave with zero-voltage switch- 
ing, 834 
-‘Migh-temperature cutoff in 35-65 C range, 620 


IC for heating and cooling system, 834 
eo: for home air conditioner, 818 


C for pse fan motor, 83! 


833 
IC zero-voltage switching, 835 
IC zero-voltage switch with triac, 832 
manually preset heater, 830 
neon-triggered scr, 836 
on-off with high-sensitivity 1C-triac, 824 
phase-sensitive bridge-scr for two foads, 743 
photomultiplier gain during warmup, 86 
power supply overheating, 833 . 
precision thermistor-controlled on-oft triac, 837 
preventing relay chatter with trigger, 899 
proportional with oscillating [C opamp, 826 
reversible positioning servo drive, 7/3 
scr for oven, 826 
scr slave converts half-wave control to full- 
wave, 820 
scr with thyrector for transient voltage sup- 
pression, 137 
scs with relay, 2 
silicon-diode sensor driving IC opamp, 834 
substrate of matched transistor pair, 83 
thermistor bridge with scr and relay, 835 
thermistor-controlled servo drive for shunt-wound 
motor, 708 


Zeiger bridge with adjustable dead zone, 


A ibermistor-diac-trlac for furnace blower, 830 
t! 


hermistor-operated scr with relay, 824 
thermocoupte-type with Solid-state relay, 825 
thermocouple with ujt-scr for 800 F, 823 
two-lamp monitor for air conditioner, 832 
ujt-scr for tiquid bath, 837 
versatile sequence programmer with timer and 
transducer-triggered stages, 860 
Temperature measurement: 
exhaust air of power supply, 833 
fail-safe thermistor circuit, 832 
Temperature sensor: 
-thfared photocell bridge, 3197 
single-transistor, 830 
transconductance of fet, B20 
Temperature stability, [.5-W phono amplifier, 558 
Temperature stabilization: 
constant-current source, 182 
emitter-follower amplifier, 13 
Ternary decision unit, pattern recognizer , 12! 
Test, color difference amplifier linearity, 803 
Tester: 
5-mA leakage current in appliances, 609 
2-Hz for digital logic, 840 
6~60,000 Hz square-wave IC generator for audio 
response, 737 
200-2,000 Hz r-f signal infector using IC, 851 
3.5~90 MHz crystal, 848 
amplitude modulation on |-inch crt, 403 
anglog multiplier accuracy, 496, 497 
audible voltmeter for IC checking, 849 
aural continuity, 838, 845 
automatic digital 1¢ adapted for 1C opamps, 


automatic go-no-go voltage for 5.6—5.8 V pass- 
band, 928 

automatic using noise-immune shift register, 720 

broadband video noise generator, 490 

capacitance by resonance effect, 844 

circuit continuity with visual readout, 125 

color-bar generator for ty sets, 817 

combination astable-mono mvbr for counter and 
logic circuits, 466 

conductivity of printed circuit wiring, 850 

continuity to 0.1 ohm, 841 

cro time base, 271 

digital circuits with manual no-bounce pulse 
generator, 114 

discontinuity for monitoring contact chatter, 842 

distributed-parameter phase-shift networks, 847 

dynamic output impedance of regulated power 
supplies, 847 

excessive drift in diode leakage current, 850 

extending range of d-c microammeter, 404 

ferrite-core using single-dial attenuator for 
multiple pulse sources, 614 

fet go-no-go for production line, 847 

fet transconductance, 838 

flip-flops with 50-MHz pulse generator, 727 

four wire resistance using switched oscillator, 


go-no-go IC comparator with sorting hoppers, 


go-no-go two-lamp scr-transistor, 839 

identifying germanium or silicon transistor, 848 

infinite-impedance voltmeter for high-voltage 
cables on ships, 397 

lamp current, 849 

life-test blown-fuse alarm, 3 

measuring scr switching time for radiation 
hardening, 625 

measuring transistor storage time for radiation 
hardening, 626 

mosfet parameter, 85] 

neon cable harness, 846, 848 

neon capacitor leakage, 843 

network using sweep generator controlled by 
d-c voltage, 700 

opamp fault, 850 

opamp for incoming inspection, 841 

opamp having nine test sockets, 840 

opamp using &-¥ regulated supply, 84! 


Tester (Cont.): 

power transistor gain, 642 

pulse-driven lamp for radar and color ty, 846 

quartz crystal, 849 ¢ 

relay-driving clock for life-test rack, 115 

remote-indicating photoelectric monitor for 
indicater lamp, 583 3 

tesistance-change using static relay in bridge, 
474 


resistor-matching with window comparator, 124 

r-f noise generator for a-m receivers, 493 

Seco Model 260 transistor, 839 _ 

single-ended common-mode gain of IC r-f 
amplifier, 844 

asb two-tone linearity, 726 . . 

stepper-controlled sequencing with passed-test 
indicator lamps, 844 

switching speed of computer module, 198 

switching time of transistor chip, 844 

transistor, 846 

transistor breakdown, 848 

transistor curve tracer, 842, 343 

transistor/diode, 848 

transistor-diode-scr, 851 

transistorized volt-ohm-milliammeter, 401 

transistor leakage, 842 | 

frandletor parameter using Pulse generator, 


transistor ref breakdown, 839, 938 
transistor small-signal current gain, 843 
transistor using automatic ammeter-reversing 
bridge, 405 
transistor using automatic voltmeter-reversing 
bridge, 405 
voltage limits using two analog comparators, 
vivm adapter for multimeter, 394 
ytvmn neon equal-voltage indicator, 933 
wave analyzer for measuring amplifier loop 
gain, 394 
zener diode, 845 
tener diode voltage breakdown, 848 
Theater lamp dimmer, solid-state with presets 
and crossfader, 355 
Theremin: 
single-transistor using broadcast receiver, 223 
wailing-music generator, 222 
Thermal feadback: 
70-W audio amplifier, 37 
measurement in experimental multistage !C a-f 
preamp, 324, 324 
Thermistor: 
correcting linearity with opamp and zener, 636 
neon scr temperature, 836 v 
Wheatstone bridge for monitoring rectal 
temperatures, 414 
Thermocouple: i 
cold-junction temperature correction with IC 
opamp, 821 
temperature control with solid-state relay, 625 
Thermometer: | . 
industrial using silicon-diode sensor and IC 
opamp: 8: 
infrared clinical for ear canal temperature, 317 
infrared radiation using chopper wheel, 316 
medical differential electronic, 413 
thermistor-bridqe, 88 
Thermostat (See Temperature control) 
Thin-film construction, 8-MHz hybrid crystal 
oscillator, 538 
Thin-film memory, high-speed read amplifier, 7, 


Thread detector, photoelectric with IC zero 
detector, 199 

Three-phase, electronic commutator for d-c 
motor, 444 

Three-phase Sine, protection against voltage or 
phase failure, 609 

Three-phase supply: 

commen triggering and 0=100 V d-c output, 


regulated with full control of d-¢ output, 548 
Three-phase system, phase sequence detector, 200 
Threshold circuit: 

hysteresis design procedure, 939 

light-activated switch, 583 . 

tunnel-diode computer-interface with adjustable 

hysteresis, 377 
Threshold detector: 2 

0.5-V with diode clamping of transistor, 933 

}0-kHz sine-wave peak-sensing, 937 

ambiguity-eliminating scr-lamp, 934 

dual-gate IC, 370 

operating latching relay, 930 

transistor r-f breakdown voltage tester, 938 

(See also Voltage level detector) 

Threshold logic, adder-subtractor with comple- 
mentary outputs, 376 

Threshold sampling, with 80-s Hmer, 692 

Thyratron: 

cooling fan control, 829 

equivalent scr circuit for C33, 137 

neon-triggered in tlmer, 864 

replacement with ser pair, 133 
Thyristor, gate-drive trigger, 904 

ime-base generator, digital |C timer, 860 
Time-code marker, 35-mm film, 588 
Time delay: 

40-s for siren secret turnoff, 306 

30-min Shockley diode, 870 

auto headlight turnoff, 69 

fet pulse-stretcher, 619 

measuring on cro with digitally-encoded ref- 

erence waveform, {01 

motor-control shutoff, 431 

{See also Delay; Timer) 


Time-defay relay, turn-on control by linear sweep 
and flip-flop, 703 
Time-mark generator, cro horizontal-sweep calli- 
brator, 00 
Time-of-occurrence generator, start of event, 867 
Timer: 
2. Hz-5 s photographic, 858 
l@-ns for laser cloud height radar, 36! 
0.3 ms to over | hr, 868 
4 ms—32 min low-cost fet with 2% accuracy, 871 
7 ms—4 s variable with opamp one-shot, 852 
10 ms—l0 min with pnpn switch, 869 
20-200 ms for rotary stepper, 859 
0.01-40 s delay for lamp turn-off, 869 
0,.0}~50 s for enlarger, 590 
0.515 s digital IC time-base generator, 660 
0.1-60 s photographic enlarger, 587 
0.1—90 s with complementary ujt, 866 
0.25—-10.25 ¢ ujt/scr, B59 
0.5-s fet, $88 
0,460 s fet, 8468 
I-s a-c ujt oscillator, 869 
l-s for 3-A d-c load, 863 
| s—5 min fet, 871 
I-10 5 process control, 844 
t ar min beep-generating for phone patch, 
76? 


1-60 s ujt-scr for 28 V d-c, 585 

2~200 s instant-reset, 868 

4-s precision scr-yit, 862 

5-s repeating, 867 

550s fet, 857 

5=|20 s 240 W, 303 

5-120 s for 240 W, 853 

5—120 s for 240-W load, 856 

5-300 s for 240-W load turn-on, 853 

8s for relay pullin, 862 

8-30 s automatic turnoff for 6-A triac, B63 

8~80 s delayed turn-on for 6-A triac, 863 

10-s delay for touch switch, 94 

{0-s ujf-scs, 666 

l0-s with scr instead of relay, 861 

10-100 $ single-transistor, 865 

[5.s pause in machine operation, 567 

20-5 pullin shutoff for universal motor control, 
4 

30-5 independent turn-on and turn-off delay, 860 

30-5 pracalibrated using DI3T2 ujt, Bb}, B62 

40-s ujt-scr as delay switch, 871 

Hott with programmable ujt driving relay, 


60s fransmitter warm-up, 880 
80-5 ujt with somaling, 692 
100-s with sampling, 89 


[-min simplified, 857 

I-min static a-c for 1,200-W load, 655 

|~60 min fet-ujt-ser, 870 

2-min high-accuracy, 855 
~~ 10-min interval for driving stepping relay, 676 
7 !0-min sotdering-iron turn-off, 869 


U2 Vemin for 30-V d-c supply, 861 
20-min high-accuracy adjustable, 854 
470-min using neon-relay flip-flop, 677 
30-min with astab'e mybr, 8! 
30-min with Shockley diode, 870 
45-min ujt-scr, 862 
- 60-min with two ujt's, 858 
I-hr adjustable, 867 
l0-he fet with sawtooth oscillator, 854 
30-hr delay with 1% repeatobility, 853 
asc burst welder, 856 F 
adjustable for tripping circuit breaker, 865 
egiustarle rate of dimming for bachelor light, 
5 
automatic headlight turnoff, 63 
cascaded tunnel-diode RC, 869 
combined with |-kHz oscillator, 534 
exact determination of start of event, 667 
penerates long pulses at slow prr, 680 
tgh-accuracy Miller integrator using IC, 866 
laser firing pulse intervals, 343 
load turn-off with laser and ujt, 841 
long-interval using two programmable ujt's, 866 
measuring motor acceleration, 870 
microseconds to minutes using iC analog cam- 
Parator, 857 
missing-pulse detector, 3 
motor-control shutoff, 431 
mvbre with adjustable pulse width, 61? 
neon, 859 
neon for flip-flop, 852 
neon latching relay, B64 
Neon-operated photocell latching relay, 854 
neon-operated scr, 857 
neon-operated transistor, 862 
neon-triggered thyratron, 844 
on-off fet using regeneration, 867 
photographic delay, 590 
Precision 0.5 ms—I min ujt, 855 
proximity fuze arming, 870 
Proximity-fuze self-destructing, 868 
pulsing reed relay for life test of components, 


reed relay controls lockup time of latching 
circuit, 676, 

scr ON time with zera-standby-power one-shot, 
483 


ser-uft variable-duration switch, 749 

ser with latching relay, 256 

scs with 0.5 RC delay for load current, 857 
sequence programming for 24 ¥ d-c, 860 
sequential ujt with 10 ms~5 s delay per stage, 


sequential with Inhibits and scs ring counter, 
864 


ujt-scr d-c with manual reset, 865 


Transceiver: 
“ 4Q-meter c-w, 


Timer {(Cont.}: 
ujt-ser for photographic printer, 588 
universal fet-triac, 656 
variable 0.1--25 s neon as relay delay, 865 
variable turn-off laser, 858 
(See afso Counter; Delay) 
Timing pulse generator, 60-Hz ujt synchronized to 
_ are line, 737 
Timing signal, }-kHz from |C opamp and fet, 544 
Tom-tom: 
electronic, 223 
simulation with twin-T ringing oscillator, 227 
Tone-actuated triac, resonant-reed relay, 367 
Tone command, recorded on magtape for pro+ 
jector control, 684 
Tone cammunication, Twintron a-f oscillator, 534 
Tone cantrol: 
active bass-treble, 53 
crystal or ceramic cartridge, 51 
{C with 20 dB boost or attenuation, 50 
Tone generator; 
dual-sawtooth electronic organ, 707 
Minitone 67~3,150 Hz resonant-reed, 682 
Tone signaling system, 560-Hz with active band- 
pass filter, 237 
Torque control, d-c motor for magtape drive, 433 
Touch control: 
lamp switch, 94 
neon body-capacitance mvbr for relay, 91 
Touch switch: 
Darlington latching for !2-V lamp, 347 
Darlington momentary-action for 12-V tamp, 347 
Darlington single-button on-off, 349 
fet, 93 
Toy turtle, sound-activated motor drive, 305 
Tracking, improving in sample and hold circuit, 


Tracking filter: 
800-1 ,200 Hz automatic optoelectronic control, 


contro} circuit for 800—1,200 Hz range, 232 
Tracking regulator, 15-V bipolar as opamp supply, 
Tracking system, !-MHz voltage-controlled crystal 

oscillator in phase-locked loop, 720 
Traffic hazard warning: 

multiple-lamp sequential flasher, 258 

single-lamp d-c ser flasher, 253 
Traffic light, |-Hz flasher, 259 


873 
100-kHz crystal calibrator with harmonics to 150 
MHz, 874 
10-50 MHz duplexer using six diodes, 876 
50-MHz converter for !2-V portable, 875 
50-MHz transmitter postion, 874 
0,4-s switching delay for receiver, 875 
senverion of CB kit for 50-MHz amateur band, 
c-w monitor for grid-block keyed transmitter, 872 
diode-bridge t-r switch, 876 
double-sideband ||-meter CB, 884 
Magnoyox CB, 875 ‘ 
receiver-protecting t-r switch, 872 
r-f power transistor protection system, 874, 887 
ssb voice-controtled break-in, 722 
ter switch, 876 : 
ter switch for 165-MHz [2-W mobile, 872 
(See also Amplifier; Audio amplifier; Audio 
preamplifier; Intermediate-frequency 
amplifier; Oscillator; Receiver; 
Transmitter} 
Transconductance test set, fet with automatic error 
correction, 838 
Transducer: 
voltage-to-frequency IC in sweep generator, 700 
zeto error compensation, 405 
Transducer ampitfier, high-gain IC opamp, 522 
Transfer function, synthesizing peaked response 
with IC opamp, 514 . 
Transfilter, oscillator for 455-kHz i-f, 309 
Transformer: 
d-c with step-down switching regulator, 656 
multi-core covering 5~200 MHz, 101 
Transformerless power supply, regulated low- 
voltage d-c, 650 : 5 wee 
Tranélent detector, tunnel-diode high-sensitivity, 
933 
Transients: . ; 
clipping with bridge in a-c line filter, 608 
display with 180-MHz cro horizontal deflection 
amplifier, 95 
measuring voltage with ordinary meter move- 
ment, 393 
suppressing with ujt at input of opamp, 510 
widening and brightening on scope display, 104 
Transient spikes, measuring with fuse-blowing 
teers, 937 i . 
Transient suppression, switched inductive loads, 
492 


Transient voltage suppression, thyrector in scr 
control, 137 
Transistor: 
circulating-loop tester for switching speed, 846 
identifying germanium or silicon with tester, B48 
measurement of gain and breakdown voltage, 
848 
measuring collector breakdown, 848 
measuring leakage, 842 
measuring power qain, 842 " 
measuring small-signal current gain, 943 
t-f breakdown tester, 839, 938 
Transistor curve tracer: 
for scape, 643 
regulated power supply, 650 
scope connection, 842 


985 


Transistors, load-sharing in |-kW power amplifier 
for 2~32 MHz, II 
Transistor tester: 
automatic meter-reversing bridge, 405, 405 
leakage current and beta, 85 
three-parameter, 848 
transmission gate, 100:1 refection for 1.5-ns pulses, 


Transmisston fine, capacitance-discharging am- 
plifier for pulses, 16 
Transmit-receive switch: 
10-50 MHz using six diodes, 876 
amateur c-w, 876 
diode bridge for 30—76 MHz antenna, 876 
receiver protection, 872 
Transmitter: 
\O0-kH2 crystal calibrator with harmanics to 
150 MHz, 874 
464,5-kHz ssb filter, 726 
apa waterproof for locating lost outboards, 
8 


2-30 MHz 5-W linear wideband mobile 
amplifier, 885 

2,18-MHz 20-W driver and output, 882 

2.18-MHz 20-W marine-band radiotefephone, 881 

15.025-MHz balloon telemetry, 767 

27-MHz CB, 880, 886 

30-MHz 10-W ssb, 725 

30-MHz narrow-band 100-W amplifier for 28 Y, 
879 


30-MHz linear amplifier with temperature 
campensation, 884 

35-MHz 6-W narrow-band a-m, 887 

50-MHz 50-W parallel-transistor power amplifier 
for 12 V, 883 

50-Mi1z 50-W three-stage f-m or c-w, 888 

50-MHz ssb, 723 

76-MHz t0-W cw, 890 

118136 MHz broadband a-m aircraft radio, 885 

120-MHz 1.5-W aircraft, 889 

150-MHz |-W narrow-band output stage, 890 

156—174 MHz marine-band f-m multiplier- 
amplifier, 883 

156—174 MHz marine-band power amplifier, 888 

160-MHz 2-W driver and final, 888 

eee tle {5-W power amplifier for f-m or c-w, 


89 
165-MHz 1.5-W sonobuoy, 908 
\75-MHz 0.5-W sonobvoy ovtput stage, 912 
175-MHz 13.5-W single-transistor power 
amplifier, 884 
VesMile 35-W power amplifier for 12-Y¥ mobile, 


200~400 MHz microstripline amplifier, 879 

225—400 MHz 17-W power amplifier, 878 

240-MHz 0.5-W c-w, 882 

240-MHz 8-W ¢-w with varactor tripler output 
stage, 877 

375-MHz 5-W stripline amplifier, 885 

400-MHz |5-W microstripline amplifier, 877 

400-MHz 15-W power amplifier for 28-V supply, 


889 
AO Mar math t-£ power transistor protection, 


500-MHz microstripline oscitlator, 766 

|,000-MHz lumped-constant oscillator, 768 

|-GHz |-W amplifier, 879 

pene CB with double-sideband modulation, 
8 


40-5 warm-up timer, 880 

5-W one-tube all-band amateur c-w, 881 

800 and 450 V regulated supply, 65! 

a-m facsimile photomultiplier baseband 
amplifier, 524 

a-m facsimile with 2,400-Hz photoelectric back- 
ground control, 526 

a-m wireless mike, 884, 887 

automatic carrier-level control, 891 

CB channel locator, 890 

CB transceiver (Magnavox), 875 

CB tuning monitor, 880 

ert percent modulation indicator, 403 

daytight-darkness switch for selecting best 
frequency, 583 

diode-bridge t-r switch, 876 

fm wireless for crystal mike, 886 

matching network for octagonal vertical loop, 
880 


measuring signal strength, 405 
Morse-code electronic keyer, 118 
neon tone generator, 537 
output-transistor overyoltage and overcurrent 
protection, 591 
remote lamp display using minimum number of 
lines, 218 
S-band multiplier, 884 
selective-calling drive for modulator, 682 
ssb two-tone test ovcillator, 726 
subcarrier implant for monitoring intestinal 
strain, 767 
Theremin feeding a-m radio, 222 
t-r switch, 876 
yfo for fixed or mobile amateur radio, 878 
wireless mike, 889 
wireless phono oscillator, 56! 
wireless stereo phono oscillator, 563 
(See also Amplifier; Audio amplifier; Frequency 
modulation; Oscillator; Radar: Remote con- 
trol; Sonar; Telemetry; Television; 
Transceiver; Ultrasonics} 
Trapezoidal generator, adjustable rise and fall 
times, 624 
Tremolo: 
fet for stringed instruments, 228 
guitar, 226 
Triac, neon-triggered in 600-W power control, [35 


986 


Triangular generator: 
0.004-Hz, 895 
0.005-0.5 Hz neon, 898 
0.0! Hz~200 kHz, 893 
0.05-Hz adjustable, 892 
0./—100 Hz using opamps, 898 
10 Hz—5 MHz with stabilized output amplitude, 
95 


8 
30—25,000 Hz opamp with square-wave option, 
898 


30 Hz—750 kHz linea veo, 897 
80-8 000 Hz vyoltage-controtied, 925 
500—200,000 pps, 898 
conversion from sawtooth, 894 
low-frequency neon, 892 
modified astable mvbr, 898 
single-!C with square-wave output, 896 
six-waveform, 893 
three IC difference amplifiers, 894 
Triangular-square pulse generator, yoltage- 
controlled, 897 
Triangular-waye generator: 
converting to symmetrical sawtooth, 700 
JC with optional square-wave output, 114 
subaudio five-stage, 536 
Trigger: 
10 Hz—100 kHz fast-rise low-cost Schmitt, 907 
40-180 Hz neon, 738 
400-12 flip-flop for scr gates, 264 
2,400-Hz neon, % 
50-MHz Schmitt, 899, 906 
|-kW stand-by inverter, 336 
29-KY for arc discharge tube, 296 
a-c supply for photoflash, 245 
adjustable-hysteresis using flip-flop, 903 
adjustable repetition-rate for scr, 902 
automatic go-no-go voltage for 5.46—5.8 ¥ pass- 
band, 928 
basic Schmitt, 202 
buffered detector comparable to Schmitt, 202 
complemented-flip-flop frequency-dividing, 904 
contactless for electronic ignition, 77 
current-operated Schmitt IC, 901 
Eccles-Jordan for moving-card reader, 581 
emitter-coupled flip-flop, 901 
fltp-flop for two-scr inverter, 901 
full-wave neon-scr, 900 7 
gate pulse generator for scr inverter, 339 
generated by step function of shaft encoder, 740 
enerated by three NOR gates, 900 
Solewave low-cost neon-scr, 907 
half-wave neon-scr for phase control, 553 
high-input-impedance differential Schmitt, 903 
high-stability Schmitt using transistor pair, 905 
improving sensitivity with Sensistor, 902 
in ia for three-phase regulated d-c supply, 


Krytron for ignitron, 905 

Krytron for spark gap or flashtube, 296 

light-driven Schmitt, 573 

light in loscr-ujt one-shot, 248 

light-source for nonbullet target gun, 348 

linear pulsed xenon flashtube, 368 

line-operated scr using D[3T! programmable 
ujt, 549 

low-voltage equivalent-circuit substitute for 
trigger diode, 90 

microsecond pulse for 4-s timer, 862 

modiiee Schmitt as retriggerable pseudo-mono, 


mosfet Schmitt, 900 

multi-shot Schmitt, 906 

mybr switched by supply voltage change, 472 

neon for half-wave scr motor control, 455 

neon for scr, 905 

neon for triac, 904 

neon-s¢r for full-wave transformer-coupled phase 
control, 552 

neon shift register as lamp for running-text 
display, 718 

one-shot for sharp single-trace scope photo, 588 

overvoltage circuit breaker for setting off 
alarm, 599 

phase-controlled ser's feeding inductive a-c 
load, 550, 554 

planar scs for driving pulse-amplitude 
indicating lamps, 900 

precision low-cost, 904 

pseudo-Schmitt mybr without uncertainty, 907 

pulse train generator for scr pair, 901 

regenerative transistor pair for single sce, 905 

running-text lamp display, 718 

Schmitt 4-s timer, 862 

schmitt as absolute voltage-value comparator, 


Schmitt as level-operated switch, 903 

Schmitt as sine-square converter, 146 

Schmitt for moving-card reader, 569 

Schmitt IC, 900 

Schmitt in 6-¥ photoelectric control, 578 

Schmitt in 12-¥ photoelectric control, 58! 

Schmitt in 24-¥ photoelectric control, 576 

Sehraitt in 38-¥ d-c pwm switching preregulator, 
0 


Schmitt in 200-V pwm switching regulator, 659 

Schmitt in light-actuated object counter, 565 

Schmitt in photoelectric hot-strip detector, 569 

Schmitt in punched-card hole reader, 574 

Schmitt in pwm d-c servo ompiifier, 70? 

Schmitt in reliable single-pulse generator, 734 

Schmitt in sine-square converter, [50 

Schmitt modulator for pwm speed contro! of 
d-c motor, 434 

Schmitt using two mosfet’s, 906 

Schmitt with hystersais reducing zener, 904 


ser for high-reliability a-c photoflash, 248 


Trigger (Conf.): 

scr in two-scr replacement far thyratron, 133 

scr one-shot for half-cycle solenoid drive, 902 

three-phase regulated d-c supply with 0-100 V 
d-c output, 552 

thyratron for flashtube, 249. 

transistor pair preventing relay chatter, 899 

tunnel-diode one-shot mybr, 904 

two-transistor for triac, 906 

two-transistor in half-wave scr motor control, 
447 


two-transistor stmulation of avalanche diode, 
905, 


ujt-scs [0-s timer, 866 

ult-ser with negative supply, 908 

ujt-ser with positive supply, 904 

vitra-fast ujt with tunnel diode, 906 

voltage-operated Schmitt IC, 905 

yoltage-sensing with pulse output, 940 

xenon flashtube for lascr, 257 
Triggered flip-flop, square-wave generator, 733 
Trigger module, i-Hz traffic-light flasher, 259 
Trigger spike, 16-ns by differentiating rectangular 


Tripler: 
400 Hz to 1,200 Hz, 53 
40-MHz crystal oscillator with fet, 543 
(See also Frequency multiplier) 
Triplett, Model 600 transistorized v-o-m, 401 
Troubleshooting: ae 
200—2,000 Hz IC square-wave signal injector, 


85 
yideo pulse stretcher for driving test lamp, 846 
Tube, heater yoltage reeguiator, 658 
Tuner: 
88-108 MHz f-m IC, 282 : 
88-108 MHz f-m using dual-gate mostet mixer, 
2 


84 
94-108 MHz R-C f-m monolithic, 281 
238-~270 MHz R-C, 284 
1,000:1 capacitance range, 93 
electromyograph amplifier drive for tuning-knob 
servo, 408 
f-m r-f input stage, 279 
f-m three-gang, 283 
f-m two-gang fet, 285 . fi 
Magnavox color ty automatic fine tuning, 816 
Magnavox uhf with color aft, 803 
Magnavox vhf with aft for color, 813 7 
peak voltage indicator for 60-Hz signal buried 


in noise, 494 

RCA ae with automatic fine tuning for color, 
a7 

vhf ty, 793 


¥ 
vhf/uhf electronically tuned for [.5-inch 
diagonal screen, 776 
varactor-diode a-m broadcast, 632 
yaractor-diode European ty, 778 
Zenith uhf with automatic fine tuning for color, 
805 


(See also Receiver; Television; Transceiver) 
Tuning fork: ‘ 

400-Hz in blocking oscillator, 276 

pulsed-light receiver, 683 
Tuning monitor, CB transmitter, 880 
Turtle, sound-actuated motor drive, 305 : 
Twilight switch (see Lamp control; Photoelectric; 

Switch) . 

Twin-T active filter, wave-shaping for organ, 237 
Twin-T amplifier: 

§20-Hz resonant, 21 

resonant a-f for remote control, 683 
Twin-T network, mosfet notch filter, 234 
Twia-T oscillator: 

10-kHz, 223 

ringing music-simulating, 227 
Teietean, a-f oscillator for tone communication, 

5 


ultra-narrow-band f-m discriminator, 279 
Two-quadrant divider, squaring modules and 
opamps, 505 
Typewriter, solenoid driver, 133 


Ultrasonic: 

64-ns glass-rod delay fine for pulses, 196 

converting cardiac echoes to square-wave pulses 

for strip-chart recorder, 407 
remote control color tv using single [C 
_ amplifier, 685 

staircase generator for image display, 752 
Ultrasonics: 

1@~!0,000 Hz hydrophone preamp, 91 

1-20 kHz 100-W scr generator, 912 

2-kHz sonar pinger, 908 

2-12 kHz 10-kW pulse amplifier, 909 

30-kHz inverter using single scr, 911 

40-kHz 50-W power amplifier, 910 

200-kHz pulsed-sonar filter, 909 

0.5-W sonobuoy transmitter, 912 

1-W IC amplifier, 912 

1.5-W sonobuoy transmitter, 908 

500-kW 10-kHz inverter, 9/0 

hydrophone isolation amplifier, 909 

polar display using Hall-effect multiplier, 710 

sonar age, 9 
Ultraviolet lamp, portable converter power 

supply, 346 

Undervoitage alarm, 28-¥ d-c aircraft supply, 4 
Undervertage Protection, three-phase equipment, 


Universal a-c/d-c motor, high-torque |.5-A speed 
control, 434 

Uronium, portable Geiger counter, 628 

Uterine contractions, monitoring with staircase 
generator as counter, 4/0 


Yacuum-tube voltmeter: 
adapter for multimeter, 394 
fet for mounting on meter, 403 
fet-transistor version, 405 
(See also Voltmeter) 
Valve cantral, pulse frequency-width modusater, 
428 


Varactor: 
52-MHz frequency modulator, 283 
frequency divider, 269 
frequency divider for 150 MHz ta 75 MHz, 272 
Varactor diode: 
a-m broadcast-band tuning, 632 
ty tuner, 778 ° 
Varactor modulator, phase for 150-MHz signa! 
generator, 424 
Varlable resistor, mos transistor for age amplifier, 
58 


Vault alarm, proximity-switch, 92 
Vertical deflection: 
1.5-inch-diagonal ty having 5-V supply, 779 
ty using programmable ujt and Darlington, 793 
Vertical output: 
constant-height tv, 796 
power transistor stage for b-w ty, 792 
Vertical sweep: 
four-transistor Sony, 782 
two-transistor Sony, 775 
Vibrato, 6-Hz for musical instruments,’ 229 
Vibrato oscillator, 7-Hz for organ tone 
generators, 224 
Vibrator, skin-stimulating for communication, 411 
Video: 
10 Hz-3 MHz IC preamp with feedback, 12 
800 Hz—32 MHz broadband four-transistor IC, 


914 
6 kHz—I1 MHz four-transistor 1C, 914 
500-kHz limiter, 916 
7-MHz with 250 gain using IC opamp, 914 
10-MHz i-f amplifier, 31! 
12.5-MH2z with 27 dB power gain, 9!3 
Iie amplifier with no crossover distortion, 


17-MHz unity-gain using iC opamp, 915 
28-MHz limiter, 916 

30-MHz fast-rise with gain of 3.3, 915 

60-MHz !C in pseudo-random code generator, 


428 
300-MHz stagger-tuned amplifier with 15-MHz 
bandwidth, 916 
500-MHz adjustable-bandwidth, 915 
500-MHz noise generator, 490 
6-dB inverting IC opamp, 918 
30-dB noninverting fe opamp with phase 
compensation, 9{7 
30-dB noninverting IC opamp, 918 
30-dB noninverting I1C opamp without phase 
compensation, 913 
age with boxcar sample-and-hold integrator, 61 
amplifier and line driver, 917 
cutematle turn-on of CCTV receivers by signals, 
bipolar acle controlled by square wove, 292 
b-w tv i-F amplifier for |.5-inch screen, 777 
b-w tv linearity measurement, 784 
b-w ty single-transistor amplifier, 791 
b-w ty two-transistor amplifier, 791 
CA3000 RCA IC differential amplifier, 326 
Carcaded R-C coupled feedback IC amplifier, 
clamp amplifier for suppressing hum, 917 
fain contro! for 30 V p-p, 915 
high-speed analog switch, 916 
inverting {C opamp with gain of 10, 914 
logic signal converter for computer-generated 
_ digital tv display, 379 
mixer converting 60 MHz to | MHz, 155 
modulator feeding CCTV camera to home ty 
receiver, 914 
opamp preamp far vidicon, 788 
pentode with zener for cathode bias, 775 
pulse stretcher for driving test lamp, 846 
R-C coupled IC preamp, 19 
self-limiting pulse amplifier, 917 
single-stage b-w tv amplifier, 787 
tetrode fet amplifier with linear age, 309 
unity-gain radar buffer, 913 
{See also Amplifier; Radar; Receiver; Television; 
Television camera; Television, b-w; Televi- 
_, sion, color} 
Video burst, highest-peak detector, 929 
Video tape, IC preamp with feedback, |2 
Vidlcon: 
4,000-line horizontal drive, 780 
4,000-line horizontal ramp generator, 780 
4,000-line horizontal switch, 781 
u f opamp preamp, 788 
Voice (see Audio} 
Voice-controllad relay (see Alarm; Sound- 
controlled relay) 
Voltage band detector, low-level signals, 203 
Voltage comparator: 
2-m¥ sensitivity with IC opamp, 127 
basic avalanche transistor, 748 
binary-encoder readout, 127 
dec using IC differential amplifier, 127 
digital-output phase comparator, 947 
flip-flop, 125 
ic opamps and logic for automatic range 
switching, 928 
scs for storing higher of two voltages, 123 
stable signal level regulator, 126 
Voltage control: 
a-c line voltage, 649 
scs with relay, 2 
(See ofso Regulated power supply) 


Voaltage-controlled gain, transistor omplifier, 7 
Voltage-controfled multivibrator, pulse-height 
modulator, 429 

Voltage-controlled oscillator: 

10 Hz—50 kHz optoelectronic Wien, 524 

30 Hz—750 kHz square-sawtooth generator, 897 

80—8,000 Hz triangular and square waves, 925 
. O-l kHz for 0-5 V d-c, 927 

5~10 kHz high-lineorlty, 92) 

30-70 kHz using dual-gate IC, 925 

ee using mvbr and integrating opamp, 


gd 
455-kHz crystal, 282 
800 kHz—1.7 MHz square-wave sweep, 925 
1-MHz linear, 927 
Fires for precision frequency comparison, 
275 
3-11 MHz with cross-coupled 1C gates, 923 
7-MHz using TTL gates, 924 
1,500-MHz with 500-MHz tuning range, 922 
100,000:1 sawtooth frequency range for driving 
stepping motor, 921 
analog-digitaf converter, 926 
cross-coupled NOR-gate astable mvbr, 926 
crystal as servo in phase-locked loop, 920 
dual NOR gates, 274 
electronically variable capacitor, 924 
fet sweep-frequency load-leveling subaudio to 


Hz, 
fet-tuned R-C, 545 
mosfet phase-lock defector, 552 
mvbr with 40 kHz per ¥ sensitivity, 919 
optoelectronic remote-controfled triode mvbr, 


optoelectronic square-wave, 919 
panoramic receiver, 923 
phase-locked discriminator, 926 
pulse repetition period, 922 
square-wave, 924 
sweep using current sources, 927 
two-decade frequency range, 924 
two-diode signal amplitude stabilizer, 923 
voltage-frequency converter, 922, 922 
with IC's for measuring filter cutoff, 239 
(See also Oscillator} 
Voltage converter: 
d-c using complementary mvbr, 139 
pulse width, 616 - 
Voltage detector, 100-meg input impedance, 183 
Voltage divider: 
charge-transfer in |0-kV high-accuracy 
yoltmeter, 398 
d-c controlled in a-c gain-changer, 134 
transient voltage measuring-circuit, 393 
Voltage doubler: 
9.5-kV¥ portable ty, 794 
regulated power supply, 650 
Voltage follower: 
30-MHz using IC opamp, 514 
IC opamp for transforming from high to law 
impedance, 522 
IC with bootstrapped diode for bias current 
drift compensation, 514 
Voltage-frequency converter: 
{ V dec to | kHz linear, 922 
{0 V d-c to 300 Hz linear, 922 
Voltage indicator, two-lamp for | and 3 V pulses, 


Voltage level detector: 3 

10-kHz sine-wave peak-sensing, 937 

0.5-Y threshold with diode clamping of 
transistor, 933 “ 

24-V high-power with zener and transistor, 928 

adjustable trip point and hysteresis, 935 

adjustable with 100-mV differential, 929 

automatic range-changing switch for voltmeter, 
940 


core-memory pulse-height, 930 
d-c transistor-zener with relay, 937 
envelope of pulse bursts, 932 
high-sensitivity 5 mV to 10 V, 933 
hysteresis-curve thresholds, 939 
lamp on probe for 0.7-¥ logic level, 936 
nine-input binary opamp, 939 
operating latching relay at overvoltage 
threshold, 930 
peak-holding, 836 . 
pifot-lamp indicator for high and fow signat 
limits, 933 
positive and negative pulses, 934 
transistor t-f breakdown tester, 938 
tunnel diode with transistor, 933, 936 
Voltage level discriminator, automatic go-no-go 
voltage for 5.45.8 ¥Y passband, 928 
Voltage level measurement, neon indicator for 
vivm, 933 
Voltage measurement: | 
$0-Hz signal buried in noise, 494 
800-kHz millivoltmeter, 394 
0-500 Y d-c meterless aural voltmeter, 397 
automatic go-no-go for 5.6—5.8 V passband, 928 
battery undervoltage-overvoltage detector, 82 
hysteresis-free indicator lamp circuit, 938 
millivalt changes in d-c level with }C opamp 
and bridge, 8? 
peak amplitude of 10-ns pulses, 938 
peak sense and hold with analeg comparator 
IC, 930 7 . 
power-line spikes with fuse-blowing zeners, 937 
preamp for 800-kHz miliivoltmeter, 383 
series diode improves peck-reading voltmeter, 
406 
three-range vtym using fet's, 403 
{See also Voltmeter) 
Voltage moniter: 
AND circuit for three d-c voltages, 939 


Voltage monifor (Con?.}: 
blinking-neon for low line voltage, 5 
comparison amplifier for multiple-output power 
supplies, 936 
three-lamp display, 934 
three-lamp for d-c undervoltage and 
evervoltage, 934 
Voltage multiplier: 
20 V d-c to 35 V d-c, 138 ‘ 
5-k¥ capacitor charge-discharge for t.5-inck- 
diagonal tv, 299 : 
multivibrator-switched series-parallel capacitors, 
143 


transistor-switched series-paralle! capaciters for 
pulses, /40 
Voltage peak detector: 
2-MHz video bursts, 929 
{0-ns pulses, 938 
envelopes to 30 MHz, 935 
fast-rise pulses, 940 
fractional-microsecond pulses, 93! 
{C opamp with fet, 932. “ae 
inverting for both negative and positive 
maxima, 932 7 
Voltage peak measurement, three-range automatic 
scale changer, 93/ 
Voltage reference: 
—4 kV in d-c restorer for crt, 941 
—5 to +5 V adjustable with !C opamp and 
zener, 945 
2.J-¥ differential zener, 942 . 
4~6 V zener operating from a-c line, 946 
4.5-V standard-ce!l equivalent using zeners on 
a-c lita, 948 i. 
4,5-¥ Weston-cell replacement using zeners, 
945 
5-V using fet in place of zener, 943 
5.3-V for differential amplifiers, 943 


5-V temperature-stabilized d-c, 941 

5 or 10 V positive and negative, 943 

5.6-¥ using zener and power transistor, 669 
&-V at § mA, 945 

6.2-V¥ with power zener, 942 

6,5-V with four steps, 942 

8.2-V at 10 mA using zener and opamp, 944 
8.2-V for series reguiated power supply, 945 
ae ie cascaded zener, 94! 


0-V temperature-stabilized d-c, 742 

adjustable two transistor zener simulator, 942 

constant-current through zener, 944 

constant-voltage transistor in regulated power 
suoply, 944 7 

(C difference amplifier with 5.3-V zener, 945 

zener with opamp in variable-voltage regulator, 


& 
Voltage regulation, a-c line in full-wave scr speed 
control for 120-V d-c shunt motor, 436 
Voltage regulator: 
150-W lamp, 643 
500-W a-c line, 661 
12-¥ double-diode with emitter-follower, 667 
12-V shunt diode with emitter-follower, b68 
12-V using multi-pellet diode, 663 
300-V 3-kW a-c phase-contro!, 528 
300-V three-lamp neon, 664 
400-V four-lamp neon, 671 
alternator for autos, 659 
automotive alternator, 68 
d-c using JC differential amplifier, 671 
high-current neon, 668 
low-voltage neon differential, 748 
neon for crystal asciliator, 539 
neon in potentiometer-bridge voltmeter, 86 
series-pass | 1-32 ¥Y at 700 mA, 640 
two-lamp neon, 665 
Voltage sensing: 
battery charger with automatic changeover to 
trickle, 82 
peaks of repetitive waveforms, 935 
pulse output, 940 
unbalance of two input lines, 937 
wings detector using two analog comparators, 


Voltage sensor: 
24-V battery discharge in elactric car, 64 
a-c power-line failure-indicating flasher, 604 
battery in electric car, 79 
protecting battery from complete discharge, 
Voltage source: 
2.1-V ditferential-zener reference, 942 
8.555-¥ cascaded zener reference, 941 
Voltage-tunable filter, fet active, 231 
Voltmeter; 
0—500 V meterless aura! d-c, 397 
$0-kV high-accuracy using |C opamp and 
charge-transfer divider, 398 
audible for IC checking, 849 
automatic range selector, 940 
automatic range switching with IC opamps, 928 
gyerage-valte for any waveform, 40] 
digital used with phase comparator, 947 
digital using neons in coupling network, 489 
digital with IC counters, 397 
fet d-c vtvm, 405 
floating-range §-V d-c, 392 
high-impedance d-c fet, 398 
high-impedance with drift-cancelling source- 
followers, 394 
IC digital, 402 
improved peak-reading using series diode, 406 
infinite-impedance for measuring cable insula- 
tion, 397 
log null as bridge indicator, 87 
meceuing speed of permanent-magnet motor, 


987 


Voltmeter (Cont.}: 
potentiometer-bridge using neon voltage regu- 
lator, 86 
three-range automatic scale changer, 93! 
transient-measuring fet, 393 
vtvm using two fet's, 403 
(See afso Vacuum-tube voltmeter; Voltage 
measurement) 
Voltammeter, design and construction, 399 
Voit-ohm-milliammeter, diode meter protectors, 
08, 609 
Yolume compressor: 
mosfet signal-powered, 56 
powerless mosfet, 54 
Voice-controlled relay, alarm or recorder, 49% 
Voice-operated relay, model train control, 306 
YT fuze (see Proximity fuze) 


Washing machine: 
feurspess thyristor control for d-c p-m motor, 
LTT 


water-level control, 130 
Water level, control in washing machine, [30 
Water-level sensing, scr-triac with probe, 131, 
Wave cnclyzer, measuring amplifier joop gain, 
9 


Waveform generator, digitally controtled using 
sweep and flip-flop, 704 
Wavemeter, mosfet oscillator, 277 — 
Wave shaper, Schmitt trigger for distorted square 
wave, 902 
Weather forecasting, balloon-borne telemetry, 
67 
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Welder, a-c burst, 856 
Welding control, |-kW static switch combined 
with rectifier, 745 
Wheatstone bridge (see Bridge} 
Wien bridge (see Bridge) 
histle: 
electronic for model train, 533 
remote control of motor-driven toy with PXE 
detector, 304 
Whistlers, 4-16 kHz vif receiver, 633 
Width control, stereo sound source, 52 
Window comparator, with bridge for resistor 
grading, 124 
Window detector, two analog voltage com- 
parators, 930 
Windshield wiper: | . 
adjustable slow-kick control circuit, &7 
variable frequency and interval control, 63 
Windshiefd wiper control, scr for negative-ground 
cars, 66 
Wireless microphone, a-m single-tube, 887 
Wireless transmitter: 
a-m for crystal mike, 886 
fem for crystal mike, 886 ~~ 
Wiring harness tester, neon, 846, 848 
Write driver, spaceship computer memory, 370 
WS pass circuit for 1,000-Hz seconds tick, 


Xenon flashtube, ujt-triggered scr drive, 257 

X-ray emission, suppression in color ty with hold- 
down, circuit, 802 

X-Y matrix, neon, 212 


f 


Z amplifier, numerical character generator, 
211 


Zener, simulation with transistors below 2 V, 669 
Fener diode; measuring breakdown voitage, 
848 
Zero detector: 
analog electronic potentiometer, 507 
flux meter with digital readout, 395 
\C difference amplifier, 123 
Zero-raference pulse generator, 360-deg pot, 


Zero-voltage detector: 

10-MHz using single 1C opamp, 950 

I-kW triac with IC, 948 

8-kW switching scr, 949 

0.4-V range for 100 V input, 948 

a-c line syne for ser firing circuit, 949 

clipper and squarer, 95! 

digital voltmeter, 947 

high-speed using IC opamp, 949 

IC NOR gate, 950 

IC opamp, 951 

noise-free a-c switching, 950 

scr a-c static switch, 949 

scr switch, 947, 951 

scr switch for minimizing a-c line rfi, 951 

triac a-c switch, 948 

tunnel! diode with differential amplifier, 950 
Zero-voltage switching: 

half-wave scr for temperature control, 821 

IC temperature control, 835 

pulse and pedestal temperature control, 836 
fobel network, protecting audio output transistors, 


